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Introductory. 

In the spring of the year 1904 a field party from the Carnegie Museum under 
the control of Mr. 0. A. Peterson was engaged in collecting in the Tertiary beds 
on Monroe and Van Tassel Creeks and the Upper Niobrara River, locally known 
as “The Running Water, ” in western Nebraska. At the end of July Mr. Peterson, 
who several times had been courteously invited by Mr. James H. Cook, the pro¬ 
prietor of the Agate Spring Stock Farm, to visit him, accepted Mr. Cook’s hos¬ 
pitality. The ranch of Mr. Cook is located on the Niobrara River, in Sioux 
County, about twenty-five miles southeast of Harrison, the county-seat. A few 
days after the arrival of Mr. Peterson he was conducted by Mr. Harold Cook, 
the oldest son of his* host, to the locality just beyond the eastern limits of Mr. 
Cook’s property, designated as “Quarry A” in the map (Fig. 1) accompanying 
this memoir. Here young Mr. Cook had noted that numerous fragments of fossil 
bones were lying upon the surface. Mr. Peterson immediately took steps to 
begin the work of systematic excavation at this point. A few days afterward, 
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while examining the two small buttes, which lie about three hundred yards south 
of Quarry A, Mr. Peterson discovered that in both of them at about the same level 
were extensive outcrops of a stratum containing fossil bones, fragments of which 
were very abundant in the talus. Mr. Peterson called the attention of Mr. James 
H. Cook to these spots and Mr. Cook then stated that he had observed these frag¬ 
ments some years before, but had mistaken them at the time for the remains of 
“Indian horses.” Mr. Peterson, who was not well, was only able to work for 
about a fortnight, and left for his home in Pittsburgh on the 10th of August. 

Mr. Cook was informed by Mr. Peterson prior to his departure that a party 
from the Carnegie Museum would return in the following spring to make syste¬ 
matic excavations. Mr. Cook, impelled by curiosity, undertook after the with¬ 
drawal of Mr. Peterson to make some excavations at one of the spots on the western 
side of the larger butte, which had been pointed out to him as rich in remains, 
and was rewarded by finding a number of bones. He reported his discovery 
by letter and was at once earnestly entreated both by Mr. Peterson and the writer 
to desist from further excavations until an experienced collector could assume the 
supervision of the work. This Mr. Cook cheerfully agreed to do. In the spring 
of the year 1905 Mr. Peterson, accompanied by Mr. T. F. Olcott and Dr. Albert 
J. Hermann, returned to the locality and during the open season of that year 
carried on the work of exploration and excavation with remarkable success, being 
joined in the latter part of the season by Mr. W. H. Utterback. Among other 
results of the labors of Mr. Peterson and his assistants in 1905 was the discovery 
of the lower jaw and the cervicals of a large specimen of M or opus. 

In the early summer of this same year Professor Erwin H. Barbour, who in 
the meantime had learned of the discoveries which had been made, repaired to 
the spot and commenced excavating near the place where Mr. Peterson and his 
assistants were at work. His excavations were made in the smaller of the two 
buttes, which he has since named “University Hill.” He labored for only a brief 
time, but he, too, was rewarded by finding some excellent material, among it 
being fragments of the same genera and species which were found by Mr. Peterson. 
His principal discovery was that of a fragment of the lower part of the cranium of 
Moropus elatus preserving the upper premolar-molar series of teeth on both sides 
and the bones of the palatal and basi-occipital region in place and not distorted by 
crushing. Unfortunately the entire upper and anterior portions of this skull were 
wanting. 

In the spring of the year 1906 Mr. W. H. Utterback, who, as has been stated, 
had assisted Mr. Peterson in the latter part of the season of 1905, was sent to the 
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locality with special instructions to continue the work of uncovering the fossil¬ 
bearing stratum at the point where the investigations made by Mr. Peterson and 
himself in the preceding year had led to the recovery of the jaws and cervicals of 
the large specimen of Moropus. The search was rewarded by the recovery of the 
greater part of the skeleton. These remains were found at the spot designated 
in the map as “Quarry No. 1” on the western face of what Professor Barbour in 



Fig. 1 . Rough outline topographical map of the Agate Spring Fossil Quarries drawn by W. J. Holland. 
A, quarry opened by Mr. 0. A. Peterson in 1904. B ; “ Carnegie Hill.” 1 and 2 , quarries opened by Carnegie 
Museum. 3, openings made by F. B. Loomis and subsequently worked by a party from the A. M. N. H. C, 
“ University Hill.” 4, quarry opened by Prof. E. H. Barbour. 

his account has designated as "Carnegie Hill.” Before, however, attacking the 
task of recovering the remains of this specimen, to which the number 1604 has been 
attached in the Carnegie Museum Catalog of Vertebrate Fossils, Mr. Utterback 
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made extensive excavations on the northern face of the hill at the point designated 
on the map as "Quarry No. 2.” Here he found a great many bones belonging to 
the genus Moropus in a disarticulated condition mingled with the remains of 
other genera. Although these bones were scattered, they have proved of great 
value in enabling the partial reconstruction of several smaller specimens. 

It should be observed at this point that the bones of the large individual found 
in Quariy No. 1 were not associated with the remains of other specimens belonging 
to the same genus, except that one or two cervicals of an animal of nearly the 
same size and belonging to the same genus and species were found here. The 
specimen No. 1604 lay practically apart, and although the bones were somewhat 
widely scattered, there has been no difficulty in deciding that they belonged to 
one individual. 

Professor Barbour in 1906 returned to the opening which he had made, and 
for a short time carried on work with results which were gratifying. 

The blocks containing the material collected for the Carnegie Museum were 
in part worked out in the winter of 1906-7 by Mr. W. H. Utterback, and this 
work was continued in the spring and summer of 1907 by Mr. S. Agostini and 
Mr. Peterson. Mr. Peterson, who in July, 1906, had published an account of the 
Agate Spring Fossil Quarry, which appeared in the Annals of the Carnegie Museum, 
in December, 1906, published in the Annals of the Museum a paper upon the 
Miocene Beds of Nebraska and Wyoming, in which he described a number of new 
species and incidentally gave a brief account of some of the material representing 
the larger specimen of Moropus upon which this Memoir is principally founded. 1 

During the spring and early summer of 1907 Mr. W. H. Utterback, under the 
instructions of the writer, continued the work of excavation which he had carried 
on in the previous year, and also made an opening on the eastern face of Carnegie 
Hill. Toward the close of the season he left the quarries in order to complete the 
excavation of the skeleton of one of the Ceratopsia which he had located in the 
fall of the previous year in Converse County, Wyoming, and was called home by 
the death of his father, after which time his connection with the Carnegie Museum 
terminated. 

After Mr. Utterback had left the spot a party from the American Museum 
of Natural History entered the excavation made on the eastern side of Carnegie 
Hill, in which Professor F. B. Loomis of Amherst College had also done some 
excavating, and worked for a couple of weeks, recovering a quantity of frag¬ 
mentary material. 

1 Mr. Peterson has treated part of the material used by him in preparing this paper (Specimen No. 
1424) as the type of a new species, il/. hollandi. Science, N. S., Yol. xxxviii, p. 673. 



HOLLAND AND PETERSON: OSTEOLOGY OF THE CHALICOTHEROIDEA. 193 


In October, 1907, the writer visited the locality and made a careful exami¬ 
nation of the spot and determined that the work of exploration should be further 
continued during the season of 1908. 

In the spring of 1907 the material representing the large specimen of Moropus 
had been freed from the matrix and an effort was at once made to carefully study 
the specimen. It was gratifying to discover that enough had been recovered with 
the exception of the cranium and the caudal vertebrae to allow an almost perfect 
restoration to be made. It is true some of the bones were broken and required 
minor repairs, and a few were lacking, but there was enough in almost all cases 
to show plainly what was defective, and where one side of the skeleton failed to 
give light the other supplied it. In addition the specimens recovered by Mr. 
Utterback from Quarry No. 2 were sufficiently numerous in some cases to supply 
perfect specimens representing the missing portions of the larger skeleton; so 
that in the light of these it was possible with absolute certainty to restore the 
outlines of missing fragments. 

In August, 1907, Mr. Peterson with the consent of the writer read before the 
International Zoological Congress at its meeting in Boston a brief paper upon the 
anatomy of Moropus, based upon the material which had up to that time been 
recovered, which marks a distinct advance in our knowledge not only of the genus 
Moropus, but of the osteology of the Chalicotheroidea in general. 

In the spring of the year 1908 Mr. O. A. Peterson returned to the familiar 
spot, being earnestly requested to make every effort to secure a complete skull of 
Moropus. With the assistance of a number of able workmen he stripped the 
western side of the butte on which the work of the Carnegie Museum had already 
been carried on during the three preceding years, beginning near the point in 
Quarry No. 1 where Mr. Utterback had ceased operations. Although finding 
an abundance of the fossil remains of other mammals, Mr. Peterson only recovered 
a few scattered fragments of Moropus. He was on the point of despairing of 
success in his quest, when, as a last resort, he gave instructions to the workmen to 
enter the side of the hill at the place where Mr. Utterback had recovered the most 
of the remains of the large specimen taken up in the fall of 1905 and in the summer 
of 1906. Mr. Utterback had reported that he had gone into the side of the hill 
at this spot far enough to satisfy himself that the bone-bearing stratum, to use 
his expression, had “played out,” and to all appearances his report was correct. 
At the point where he had stopped work no bones were visible. The men digging 
under the direction of Mr. Peterson had only gone about two feet into the side of 
the rock when to the great delight of all parties a nearly complete cranium (No. 
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2103 Carn. Mus. Cat. Vert. Fossils) of a huge Moropus was discovered. The 
specimen was slightly injured by crushing, and lacks the premaxillaries, but was 
the most perfect cranium of a chalicotherine animal which had thus far been found, 



surpassing in perfection any specimen in the collections of either America or 
Europe. That it is the cranium of the large specimen the remainder of the skeleton 
of which had been recovered in the fall of 1905 and the summer of 1906 does not 
admit of a particle of doubt. The mandible found by Mr. Peterson in the fall of 
1905 exactly fits the cranium discovered in September, 1908. Had Mr. Utterback 
not reached his conclusion as to the barrenness of the rock so hastily he would 
have had the pleasure and honor of securing the skull of the animal for the recovery 
of much of the remains of which in 1906 we are indebted to him. 

In September, 1908, the writer again visited the quarries and spent some 
time in company with Mr. Peterson in the exploration of the region roundabout 
and in studjung the geologic characteristics of the strata, which are here exposed 
to view. In the present paper these matters will not be referred to, except in¬ 
cidentally. 

The “Agate Spring Quarries,” as they have been named by Mr. Peterson, 
are situated in the Lower Harrison Beds (Miocene) and contain a vast quantity 
of the remains of extinct mammalia many of which, before the specimens were 
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firmly embedded in the matrix, had suffered more or less displacement. It is 
rarely that the bones are found collocated in their true order, though in some 
instances a dozen or more vertebrae may occur in regular series, with the corre¬ 
sponding ribs attached to them, or the bones of an entire limb may be found in 
place. The region, at the time when the bones were deposited, was probably a 
great plain, traversed by a broad and shallow river, like the Platte, or the Missouri, 
subject at times to overflows. It was a region of flat alluvial lands, which may in 
the summers have been in part dried, leaving here and there pools of water to 
which the animals of the region resorted, as in South Africa at the present time 
herds of ungulates resort to such places. Any one who is familiar with the writings 
of C. J. Anderson and Gordon Cumming can picture to himself the conditions. 
At these pools the beasts, which roamed over the wide plain, came to drink, and 
here they died, as the result of age, or as they fell under the teeth and claws of 
carnivora. It may also have been, as suggested by Mr. Peterson, that at this 
particular point there was a ford, or crossing of the river, much resorted to by 
migrating herds of animals, and here many, especially younger animals, were 
mired in quicksands, and drowned. I have observed an instance, not immediately 
at the quarries above described, but near by, where the vertical position of the 
limb bones in the matrix plainly suggested that the animal to which they had 
belonged had sunk into the sands and had thus been destroyed, leaving its bones 
at a later age to tell to the curious eye of the passer-by the story of the brief tragedy 
of its last hours. After a period of summer drought or after the cold of winter, 
which must likewise then, as it does now, have led to the death of multitudes of 
creatures, the rivers rose as the result of rains, or melting snows, and the waters 
swept the dried carcasses of the dead and sometimes those of animals, which, 
unable to escape from the floods, were drowned, into places where they were 
destined to lie and become part of the rocky deposits which were in process of 
formation. 

In the Agate Spring Quarry there is abundant evidence of the action of water. 
Many specimens indeed give no proof that they have been thus subjected to wear 
and attrition. This was true in the case of the skeleton of the large Mor opus 
which is made the basis of this memoir. Its remains, though disarticulated, were 
not scattered far, and it was not a difficult task to decide that they belonged to 
one and the same individual. But on the other hand some of the bones found 
near by were more or less worn by water, especially those in the lower part of 
the fossiliferous stratum. The large animal was found where it had lain down 
and died, other bones below it had plainly been previously washed to the spot 
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or rolled about in the waves, which beat upon the sandy margin of the lakelet or 
wide river. 

The study of the interesting remains, a sketch of the story of the recovery of 
which has been given in the preceding paragraphs, necessitated an investigation 
of the entire literature of the subject, as well as the examination of the remains 
of allied forms preserved in other museums. The material representing the 
Chalicotheroidea in American collections has until recently been scanty. The 
type of Moropus elatus Marsh at the Yale University Museum consists of a few 
broken, but recognizable fragments 2 of the bones of the feet. Permission to make 
casts of them was kindly accorded by the authorities of the Yale Museum. These 
casts have proved of great service in the determination of the remains obtained in 
our excavations. To Professor Charles Schuchert and Dr. R. S. Lull I desire to 
express my thanks for their kindness in this connection. The collection of chali- 
cotherine remains preserved in the National Museum of France in the Jardin des 
Plantes in Paris is important. I am deeply indebted to the authorities of this 
museum for reproductions of their material. Professor M. Boule, with that 
charming kindness which characterizes him, has sent me excellent casts of the 
type-specimens of Macrotherium Lartet, Schizotherium Gervais, and Ancylotherium 
Gaudry, which are preserved in the great scientific treasure-house of France. 
They have been of value in enabling us to make exact comparisons with the 
remains of the creatures which we have uncovered in Nebraska. To Professor 
Edmond Perrier and Professor Boule I wish in this connection to renew my heart¬ 
felt thanks for all the kindness they have shown me on the occasion of various 
visits to the French metropolis. I am also indebted to the authorities of the Royal 
Museum in Munich for casts of the material representing Nestoritherium Kaup. = 
Ancylotherium Gaudry, which were used by the late Professor Zittel in illus¬ 
trating his great Manual of Paleontology. My good friend, Dr. Arthur Smith 
Woodward, of the British Museum has placed me under obligations by having a 
reproduction made for me of the cast of the type of Chalicotherium sivalense Falconer, 
which is fortunately preserved in the National Collection in South Kensington. 
The original is lost, as I shall have occasion to state elsewhere. 

2 In the summer of 1908 Professor H. F. Osborn sent a party from the American Museum of Natural 
History to the region of the Agate Spring Quarries, and parties from Yale, Amherst, and the University of 
Nebraska likewise came to the spot. “Where the carcass is, there will the eagles be gathered together.” All 
of them were successful in getting some fragments of Moropus , and Professor Osborn's party secured portions 
of a skull. Since the withdrawal of the Carnegie Museum from the field we understand that the American 
Museum of Natural History has been operating in the quarries opened by Mr. Peterson and has secured valuable 
material. 
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In conclusion I desire to express my appreciation of the knowledge and skill 
of my associate, Mr. 0. A. Peterson, who recovered much of the material, and 
prepared it for study and description. The constant pressure of executive duties 
prevented me at times from applying myself to the work of preparing this mono¬ 
graph, and I have therefore, in order to bring it to conclusion, availed myself of 
Mr. Peterson’s services in partly preparing those sections of this paper, which 
relate to the appendicular skeleton, and to the skull and dentition. Mr. Peterson 
is justly entitled so far forth to be regarded as a joint author. The painstaking 
fidelity of Messrs. W. H. Utterback and Mr. S. Agostini in the work of the labo¬ 
ratory deserves to be acknowledged. 

Mr. Sidney Prentice with great skill has prepared the drawings. The photo¬ 
graphs, which are reproduced, were made by Mr. A. S. Coggeshall. 

Finally I cannot conclude these preliminary remarks without giving expression 
to the sentiments of gratitude which all the members of the paleontological staff 
of the Carnegie Museum, who have worked in this field, entertain toward Mr. 
James H. Cook, his most amiable wife, and his sons, who during the whole time 
during which we were engaged in exploiting the quarries, not only showed intelli¬ 
gent interest in our labors, but accorded to us the most delightful hospitality. 
Hearty thanks are also due to Mr. John A. Anderson of Harrison, Nebraska, who, 
refusing all compensation, kindly took charge for a number of winters of our 
stock and camping outfits, and who has under his hospitable roof from time to 
time entertained the gentlemen connected with the Museum who have been 
collecting in the region. Our thanks are also due to Mr. Octave Harris for kind 
permission during the summer of 1908 to occupy the buildings on his upper or 
“Castle Rock Ranch,” thus providing our party with the most comfortable quarters 
which they have probably ever possessed on a similar expedition. The genuine 
“Western hospitality” shown by these gentlemen has endeared them all in memory 
to their scientific friends from the Carnegie Institute. 
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CHAPTER I. THE CHALICOTHEROIDEA. 

Order UNGULATA Ray. 

Suborder PERISSODACTYLA Owen. 

Superfamily CHALICOTHEROIDEA Gill (1872). 

(Chalicotherodea Osborn (1898).) 

Principal Characters .—Dentition buno-selenodont; upper incisors unknown; lower incisors 
three, or wanting; upper canines wanting; lower canines one, or wanting; premolars in all genera 
so far discovered reduced to three in both jaws; molars three in both jaws; premolar-molar series 
rapidly increasing in size backwards, especially in the upper jaw; long diastema between premolars 
and canines or incisors, as in Equus; skull ranging from brachycephalic to dolichocephalic in the 
various genera; auditory bullae remarkably developed; orbit open posteriorly; supra-orbital with a 
foramen as in Equus, but even more developed; premaxillaries slender; horizontal ramus of man¬ 
dible narrowing anteriorly, ascending ramus broad and high. Cervical vertebrae so far as known 
having, as in the Equidce. a prominent keel on the ventral face of the centra, but even more strongly 
developed than in the latter family. Pelvis, so far as known, elongated, recalling that of the 
Artiodadyla. Third trochanter of the femur either present or absent. The relative length of the 
fore and hind limbs in some genera subequal, in other genera the hind limbs relatively much shorter 
than the fore limbs. Distal face of astragalus articulating with the navicular and cuboid, or with 
the navicular only. Distal extremities of the metapodials on the anterior face having a smooth 
convex surface for the articulation of the phalanges, on the posterior face provided with a strong 
median keel separating the sesamoidal facets. First and second phalanges, especially of the second 
digit of the fore foot frequently coossifying in adult specimens. Terminal phalanges deeply bifid. 

For nearly a century paleontologists have been more or less acquainted with 
the fragmentary remains of a group of curious extinct mammals, which were 
first found in the Tertiary of Germany and France, later in Greece, and with 
the progress of exploration in the Tertiary formations of Asia and North 
America. The first account of a portion of one of these animals was from the pen 
of the illustrious French naturalist, Baron Georges Cuvier, who in his "Rccherches 
sur les Ossemens Fossilcs,” Vol. V, pp. 193-195 (1825), gives a description of the 
cast of a bifid claw-like bone, which had been sent to him by Herr Schleiermacher, 
the librarian and private secretary of the Grand Duke of Hesse, the original having- 
been found at Eppelsheim. With pronounced firmness of conviction Baron Cuvier 
announced that this bone undoubtedly belonged to an Edentate, which, according 
to the analogies of recent forms, must have been “un pangolin gigantesque.” 
“Cet Ongueal n’a d’analogues dans la nature que ceux des pangolins, et d’apres 
toutes les lois de coexistence it est impossible de douter que les rapports les plus 
marques de l’animal qui le portoit n’etaient 4te avec ce genre de quadruples.” 
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In the year 1833 J. J. Kaup (“Ossements Fossiles de Darmstadt,” 2me Liv- 
raison, p. 6, PL 7) erected a new genus under the name Chalicotherium (Beast of 
the Gravel), and referred to it, as the first species, an animal, which in the first 
Livraison of the same work he had described as Lophiodon goldfussi. He also 
described a smaller form to which he gave the name Chalicotherium antiquum. 
The latter species by some subsequent writers has been regarded as synonymous 
with C. goldfussi. Both of the specimens named by Kaup came from Eppelsheim, 
the locality at which the ungual described by Cuvier had been found. Kaup 
recognized the fact that the teeth, which were the skeletal parts upon which his 
genus was established, were in certain respects similar to those of the Rhinocerotidce. 
For half a century or more the bones of the feet and the legs of these and allied 
animals were accepted by comparative anatomists, following the teaching of 
Cuvier, as belonging to edentate animals, while the bones of their skulls were 
regarded as belonging to the Ungulata. 

In 1872 Professor Theodore N. Gill (Smithsonian Miscellaneous Collections, 
Vol. XI, p. 71) referred Chalicotherium to the Artiodactyla, and erected the super¬ 
family Chalicotheroidea for the reception of this and allied forms. Subsequently 
Professor E. D. Cope placed the Chalicotheriidse among the Perissodactyla, as one 
of the families of that suborder. His teachings were accepted at the time without 
dissent by those who were competent to pass an opinion upon the subject. 

In the year 1887 a very curious discovery was made by Mons. H. Filhol, one 
of the most accomplished and diligent students of paleontology in France. He 
had for some time been impressed by the fact that although the bones of the feet 
of Macrotherium, which name had been given by Lartet to the supposed “gigantic 
pangolin,” were not uncommon, and the dentition of Chalicotherium was tolerably 
well known, no discovery of the feet of the latter, nor of the head of the former, 
had been announced. This appeared to him to be the more singular because the 
remains of the two genera were usually associated with each other in the same 
strata. He began to suspect that an error had been made in disassociating the 
two forms. The correctness of his suspicion was remarkably confirmed in 1888 
by the discovery at Sansan of the crushed skeleton of a specimen, which being 
completely isolated from all other material, revealed the limbs and vertebrae of an 
animal referable to Macrotherium associated with the skull of an animal referable 
to Chalicotherium in such relation to each other that no doubt was left in the mind 
of the discoverer that they belonged to one and the same animal. The conclusion 
reached by Filhol was supported by the discovery about the same time by Monsieur 
Charles Deperet in a pocket at Grive-Saint-Alban of a skeleton of Macrotherium 
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associated with a skull of a Chalicothere so located as to leave no alternative to 
the discoverer but to conclude that the skull and the remainder of the skeleton 
belonged to each other and represented but one individual. 

The discovery that the heads and the feet, so long sundered in the classificatory 
systems which were in vogue, really belonged together, necessarily raised a number 
of interesting questions as to the true systematic position of the animals to which 
they belonged. The Chalicotheres, known by their dentition only, had long been 
recognized as Ungulates, and as pertaining to the suborder Perissodactyla; but, 
when it became known that the edentate-like feet must be recognized as forming 
a part of the structure of the animals, systematists were led to inquire whether 
perhaps they had not been mistaken in referring Chalicotherium and its allies to 
the Perissodactyla. Professor E. D. Cope very shortly after the announcement 
by Filhol and Deperet of their conclusions came forward with the proposition to 
erect a new order for their reception, to which he gave the name Ancylopoda. 

Professor H. F. Osborn in a paper published in the American Naturalist, 
February, 1893, with apparent hesitation, accepted Professor Cope's view, but 
characterizes it as “radical," and, evidently still impressed by the affinities shown 
by these animals to the Perissodactyla, save as they are possessed of apparently 
unguiculate phalanges, states that the purpose of his paper is “not to express a 
final opinion, but to suggest inquiry,” and leaves the reader to infer that upon the 
whole the relationship of this group of animals to the Ungulata, and especially 
the Perissodactyla, continued to profoundly impress him. Subsequently Professor 
Osborn in his monograph upon the “Extinct Rhinoceroses” (1898) suggested the 
subdivision of the suborder Perissodactyla into five superfamilies, the fifth of which 
he tentatively named the “Chalicotherodea.” 

The material recovered by the various expeditions of the Carnegie Museum, 
by means of which we have been able to reconstruct the entire skeleton of one 
species of the genus Moropus, led Mr. Peterson in the paper which he read before 
the Zoological Congress held in Boston in 1907, to advocate with firmness the 
view that “Moropus is, excepting its unguiculate feet, essentially perissodactyl in 
structure.” 

The authors of this paper, in the fuller light possessed by them, have resolved 
accordingly not to accept the more radical view of Professor Cope, and prefer to 
adopt what they believe to be the preferable course, holding with Zittel and others 
the view that the Chalicotheres are at most entitled to be regarded as representing 
a superfamily of the Perissodactyla, to which the name Chalicotheroidea, first 
proposed by Dr. Gill, must apply. So far as is now apparent, with all the literature 
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and the material available for study, it seems hazardous to suggest that any other 
family, except that of the Chalicotheriidse, is represented by the material thus far 
recovered by paleontologists. 

Since the foregoing paragraphs were written, and were on the point of being 
sent to the printer, we have received from Professor H. F. Osborn separates of a 
paper extracted from the Bulletin of the American Museum of Natural History, 
Vol. XXXII, pp. 261-274 (1913), in which he unqualifiedly accepts the view that 
the Chalicotheres constitute a superfamily of the suborder Perissodactyla, and in 
which he also erects the new genus Eomoropus for the reception of Triplopus 
amarorum Cope, which he refers to the Chalicotheroidea. 

Subfamilies of the Chalicotheriidse. 

A very careful and minute study of the available material has led to the 
conviction that a subdivision of the family Chalicotheriidse is necessitated. The 
subfamilies proposed are the following: 

I. The Schizotheriinse. 

II. The Moropodinae. 

III. The Macrotheriinse. 

I. The Subfamily Schizotheriince. —The type of this subfamily is the genus 
Schizotherium Gervais from the Lower Oligocene of France. With the genus 
Schizotherium we have provisionally associated from purely stratigraphic consider¬ 
ations the genus Pernatherium from the Eocene. Coming, as it does, from a lower 
geological horizon, it seems probable, that, when we shall have recovered enough 
of its remains to reach definite conclusions as to its foot-structure, we shall find that 
the same primitive conditions which exist in Schizotherium are represented in it 
also. 

The foot of Schizotherium shows conclusively that it had a facet on the radial 
side of Metacarpal II, for the articulation of a vestigial pollex. On the outer 
surface of Metacarpal IV is a well-defined facet for the reception of the fifth digit. 
(Cf. H. Filhol, “Observations concernant Quelques Mammiferes Fossiles Nouveaux 
du Quercy,” Ann. des Sciences Naturelles, Yol. XVI, pp. 142-144 (1894).) In 
the possession of a fifth digit Schizotherium resembles Moropus, but the latter 
genus gives no evidence whatever of the survival in the most vestigial form of a 
first digit. The Schizotheriinse are differentiated from the other subfamilies of 
the Chalicotheriidse by the fact that they have retained in the structure of the 
manus evidence of their descent from a primitive pentadactyl ancestry, having 
the articulating facets for the thumb and the fifth finger. 
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To the Schizotheriinse may also be provisionally referred the new genus 
Eomoropus Osborn from the Eocene of North America, and Phyllotillon Pilgrim, 
from the Oligocene of India. There is no evidence in Eomoropus of the retention 
of the pollex, but the fifth digit has not been nearly so much reduced as in Moropus. 
This genus probably represents a transition from the pentadactyl form in the 
direction of Moropus, which is functionally tridactyl. Phyllotillon is placed in this 
subfamily from purely stratigraphic considerations. 

II. The Subfamily Moropodince. —Professor 0. C. Marsh with only a few 
fragments before him ventured, on what we now know to have been very in¬ 
sufficient grounds, to set up the family Moropodidse, with the genus Moropus as 
the type. It was a shrewd guess, which somewhat overshot the mark. Never¬ 
theless, now that we have acquired a nearly complete knowledge of the osteology 
of the genus Moropus, it becomes very plain that we have good ground for separating 
it, and the somewhat closely allied Nestoritherium ( Ancylotherium , auct.) of Europe 
from the other genera of the family, for the following reasons: (1) in both these genera 
the astragalus does not touch the cuboid, a primitive feature; (2) the fifth digit 
persists in the manus of Moropus, though in Nestoritherium so far as material at 
present available seems to show, it has been lost; (3) both Moropus and Nestoritherium 
were characterized by having the fore and hind limbs more nearly subequal, than 
is the case in Macrotherium; (4) the articulating surface of the radius at its distal 
extremity is widened laterally and compressed in the antero-posterior direction in 
both genera, while in Macrotherium this surface is nearly quadrate. There are a 
number of other minor points of similarity between Moropus and Nestoritherium, 
which taken together show that they were more nearly related to each other than 
to the other genera of the family. 

III. The Subfamily Macrotheriince. —Gervais recognized the family “ Macro- 
theridce” (c/. Journal de Zoologie, Yol. V, No. 6, p. 426). Following this as a 
precedent we have -adopted the name here given for the third subfamily of the 
Chalicotheriidse. To it we refer the genera Macrotherium, Chalicotherium, and 
Circotherium, gen. nov. These three genera are derived from later geological 
horizons than Schizotherium, Macrotherium being derived from the Miocene of 
Sansan, France, Chalicotherium from the Pliocene of Eppelsheim, Germany, and 
Circotherium from the Upper Miocene or Pliocene of the Siwalik Hills in India. 
In Macrotherium we find no trace whatever of the first and fifth digits. The manus 
of Chalicotherium is practically unknown, but its geological horizon is such as to 
seem to justify the belief that it probably did not retain these primitive features; 
in other respects, such as dentition, it is closely related to Macrotherium. The 
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characters which appear to justify the erection for these genera of a subfamily in 
addition to the entire absence of the first and fifth digits, are the following: (1) in 
Macrotlierium, and presumably in the other genera the astragalus articulates with 
both the cuboid and the navicular, a distinctively perissodactyl feature; (2) the 
hind limb in Macrotherium is relatively much shorter than the fore limb; (3) so far 
as is known, all of these genera are characterized by a noticeable shortening of 
the muzzle, through a reduction in the length of the premaxillaries and the anterior 
portion of the mandible. 

While we feel justified in erecting the foregoing subfamilies for the reception 
of the genera, which are the types of each, viz.: Schizotherium, Moropus, and Macro¬ 
therium , it must be understood that the reference of the other genera which have 
been placed in these subfamilies is of necessity more or less provisional, because 
of the lack of material which would permit of more accurate determinations in 
some respects. Unfortunately our knowledge of some of these genera is very 
insufficient, they being in a number of cases merely represented by fragments 
which do not permit of exact comparisons between corresponding parts of the 
skeleton. We know enough, however, to be able to affirm with emphasis, that a 
distinct evolutionary process has taken place in these forms, and those from later 
geological horizons show marked differences in their anatomical structure fro'm 
those derived from the earlier formations, differences so great as to fully justify 
their recognition in the manner we have adopted. 


CHAPTER II. THE GENERA OF THE CHALICOTHEROIDEA. 
Family CHALICOTHERIID.E Gill. 

Subfamily SCHIZOTHERIINdE subfam. nov. 

Genus Schizotherium Gervais. 

Gervais, Zoologie et Paleontologie Generates, 2me Ser., Livr. iii, pp. 58-59 (1876). 
Synonym Limognitherium Filhol, Comptes Rendus, Vol. XC, p. 1580 (1880). 

Cf. Filhol, Ann. des Sc. Nat., Yol. XVI, p. 145 (1894). 

Type: >S. priscum (Gaudry). Comptes Rendus, Yol. LXXXI, pp. 1036-38 (1875); 
Journal de Zoologie, Vol. IV, p. 519, 523, PI. XVIII (1876); cf. Filhol, Ann. 
des Sc. Nat., Vol. XVI, pp. 141-148 (1894). 

Type Specimens: A fragment of the left maxillary containing the premolars and 
the two anterior molars, metatarsals, metacarpals, phalanges. 
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Location of Types: Musee National d’Histoire Naturelle, Paris. (Casts in the 
Carnegie Museum.) 

Geological Horizon: Phosphorites of Quercy (Lower Oligocene). 

? ? 3 3 

Generic Characters: Dentition I(,, C(,, Pg, Mg; upper molars longer than 

broad; trapezium present; facet for vestigial pollex; Me. II and IV com¬ 
paratively long when compared with Moropus; Me. V present; Mt. Ill and 
IV subequal in length. 

Genus Pernatherium Gervais. 

Gervais, Journal de Zoologie. Vol. V, No. 6, pp. 424-432 (1876). 

Type: P. rugosum Gervais, l. c. 

Type Specimens: Os calcaneum and fragments of metapodials described by 
Gervais. 

Location of Types: Musee National d’Histoire Naturelle, Paris. 

Geological Horizon: Marls of Saint-Ouen, near Parc de Monceaux (Eocene). 

Generic Characters: Dentition unknown; the distal articulation of one of the 
two fragmentary metapodials shows rather conclusively that Gervais was 
not mistaken in referring the animal to the Chalicotheriidse. The material 
is, how r ever, very insufficient, and quite inadequate to base upon it a correct 
diagnosis of the genus. The proximal end of a metapodial reveals three 
articulating surfaces separated from each other by sulci, rising externally 
from the upper end of the shaft, one of which surfaces is apparently in part 
supported upon a columnar process, a feature which is not revealed in any 
other genus of the family, so far as is now known. The os calcaneum also 
shows marked differences from the corresponding bone in other genera in the 
shape of the articulating surfaces. Unfortunately until the present time no 
material other than the types has been discovered. We place this genus in 
the subfamily Schizotheriince simply on account of its geological horizon. 
It may well represent, however, a totally different group of primitive ungu¬ 
lates, related to the Chalicotheroidea. Until more and better material is 
discovered its true affinities must remain more or less problematical. 

Genus Eomoropus Osborn. 

Osborn, Bulletin American Museum of Natural History, Vol. XXXII, p. 264, 
(1913). 

Type: Triplopus amarorum Cope, Proceedings American Philosophical Society, 
Vol. XIX, p. 389 (1881); cf. Vertebrata of the Tertiary Formations of the 
West, I, pp. 660, 687, PI. LV, figs. 6-9, PI. LVIII, fig. 2 (1885). 
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Type Specimens: Cranium, lower jaw, three cervicals, limb bones, carpus, and 
tarsus. 

Location of Types: Cope Collection, American Museum of Natural History. 
Geological Horizon: Washakie, Wyoming (Upper Middle Eocene). 

Generic Characters: “Premolar crowns simple, premolar conids without meta- 
stylids, large hypoconulid on M 3 , fibula greatly reduced” (Osborn). 

Genus Phyllotillon Pilgrim. 

Pilgrim, “Notices of New Mammalian Genera and Species from the Tertiaries of 
India.” Pec. Geolog. Survey of India, Yol. XL, pp. 634-640 (1910). 

Type: Macrotherium naricum Pilgrim, Rec. Geolog. Survey of India, Yol. XXVII, 
p. 156 (1908). 

Geological Horizon: Nari Beds, Bugti Hills (Aquitanian fide Pilgrim, Oligocene 

(?))• 

Generic Characters: “ Phillotillon naricus n. gen. This name is to replace 
Macrotherium naricum, a Chalicotheroid from the Nari series of the Bugti 
Hills. The new genus differs from the other members of the family by the 
greater elongation of its molars, but chiefly by the fact that in the upper 
premolars the large inner cusp is united to the ectoloph by a double instead 
of a single crest.” Pilgrim, l. c. 

This very brief account of the genus leaves us in doubt as to the meaning of 
the author. “The large inner cusp of the premolars ” is connected with the ectoloph 
by two crests in the case of many of the Chalicotheroids, the dentition of which is 
known, e. g. Schizotherium, Moropus, and Macrotherium. If the writer in the use 
of the word “double” means to indicate that there are two such crests, the generic 
value of the distinction disappears altogether. If, however, he means to point 
out that these two crests are double, that is to say showing duplicated parallel 
ridges on their upper projecting summits, such a fact might well indicate a generic 
difference, as such a conformation of these teeth has never hitherto been pointed 
out by any one. Without more exact information on this subject the new genus 
is only accepted in a provisional manner. It is placed among the Schizotheriince 
because it apparently comes from the Oligocene, and therefore may be associated 
with and related to the earlier forms. 
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Subfamily MOROPODINiE subfam. nov. 

Genus Moropus Marsh. 

Marsh, American Journal of Science and Arts, Ser. Ill, Vol. XIV, pp. 249-251 
(1877). 

Type: M. distans Marsh, l. c., p. 249. 

Type Specimens: Professor Marsh described three species in his paper, the first 
of which, M. distans, according to the accepted laws of nomenclature becomes 
the type of the genus. Unfortunately the type is extremely inadequate, 
consisting simply of a cuboid, coossified first and second phalanges, and 
median phalanx. The material, which is generically, but not specifically, 
determinable, without doubt pertained to an animal which was probably 
not more than half the size of Moropus elatus. (First figured by Peterson, 
American Naturalist, Vol. XLI, p. 735 (1907).) 

Location of Types: Peabody Museum of Natural History, Yale University, New 
Haven, Connecticut. (Casts of types in Carnegie Museum.) 

Geological Horizon: John Day Beds, Oregon (Miocene). 

In addition to M. distans Professor Marsh described two other species which 
he referred to the same genus, M. senex, from the John Day Beds, and M. elatus, 
which he attributed, as we now know in error, to “the Lower Pliocene of Nebraska.” 
The latter species, which came from the Lower Miocene of Nebraska, is the basis 
of the present paper, and the question of the geological horizon from which it 
came as well as its osteology will be taken up at length in succeeding pages. It 
suffices to say here that there is no evidence that M . elatus has been found else¬ 
where than in the Lower Harrison Beds of Nebraska (Lower Miocene). Other 
species have been found in later horizons. 

? 0 3 3 

Generic Characters: Dentition I^, CP^, M^molars longer than 

o U o o 

broad, hypsodont, their external walls, as in Nestoritherium, more nearly 
vertical than in Macrotherium and Chalicotherium, in which genera the external 
walls are bent inwardly so that in unworn molars they present a surface almost 
horizontal extending inwardly to the middle of the tooth; the vertical crests 
of the ectoloph sharp; skull long and relatively narrow; the anterior margin 
of the posterior nares on the median line well back of the posterior margin of 
the last molar; fore feet tetradactyl (fifth digit greatly reduced); trapezium 
present; Ale. Ill longest; dorsal surface of metacarpals straight longitudinally, 
not concave longitudinally as in Nestoritherium; distal face of astragalus 


HOLLAND AND PETERSON: OSTEOLOGY OF THE CHALICOTHEROIDEA. 207 

articulating with navicular only; Mt. Ill and IV of subequal length; fibula 
sometimes articulating with the os calcaneum; third trochanter of the femur 
strongly developed; fore and hind limbs more nearly of equal length than in 
Macrotherium. 

The foregoing generic characters are based upon the material representing 
Moropus elatus. It should not, however, be forgotten that Moropus distans from 
the John Day Beds of Oregon is the first species named by Marsh in his description 
of the genus, and is therefore the genotype. M. distans was a much smaller animal 
than M. elatus, even smaller than M. petersoni, and it may be that with the progress 
of discovery it will be found to be very different structurally from the animals 
represented in the Lower Miocene of Nebraska, so much so as to justify the generic 
separation of the latter. 

Genus Nestoritherium 3 Kaup. 

Kaup, Beitrage, Heft IV, p. 3 (1859). (Type II. pachygnathus Wagner, partini = 
M. pentelicum Gaudry.) 

Synonym Ancylotherium Gaudry, Animaux fossiles et Geologie d’Attique, pp. 129- 
142 (1863). 

Type: Macrotherium pentelicum Gaudry et Lartet., Comptes Rendus de l’Acad. des 
Sciences, Yol. XLIII, p. 271 (1856) = Rhinoceros pachygnathus (Wagner) 

3 Wagner, in the Abhandlungen d. K. Bayer. Akademie d. Wissenschaften, II. Kl., Yol. V, Abth. II, 
pp. 349 et seq. (1854), describes the remains of a rhinoceros, to which on Plate X (Tafel 2), Figs. 3, 4, and 5, 
and on Plate XI (Tafel 3) he applied the name of Rhinoceros 'pachygnathus. Subsequently, in 1857, in the same 
publication, Band VIII, Abth. I, p. 28 et seq., he describes a fragmentary skull, the left superior dentition of 
which he figures on PI. VII, Fig. 15, to which he also applies the name of Rhinoceros pachygnathus (see our 
Fig. 3, which is drawn from a cast of the type). Later, in 1859, Kaup, recognizing that the dentition figured 
by Wagner ( l . c.) did not pertain to a rhinoceros, but to a Chalicotheroid, erected the genus Nestoritherium for 
its reception. Falconer, writing from Munich, June 15, 1861 (see “ Paleontological Memoirs and Notes of 
the late Hugh Falconer, A.M., M.D.,” etc., p. 223), says: “Most interesting of all the Pikermi collection are 
a set of specimens of a very large species of the same genus as our Sewalik Chalicotherium. This is the Nestori¬ 
therium Kaup (Beitrage, viertes Heft, 1859), which is figured and described under the name Rhinoceros pachy¬ 
gnathus by Wagner (1857). The principal specimen, Fig. 15, Plate VII, execrably drawn, consists of the greater 
part of a cranium,” etc. He then goes on to describe this specimen. It is thus clearly established that the 
Nestoritherium of Kaup was founded upon the Munich skull, which is undoubtedly‘referable to Ancylotherium 
pentelicum (Gaudry et Lartet), with which it has been identified by Zittel and others. The specimen is slightly 
smaller in size than the specimen in Paris, but, so far as comparison permits, identical. Both came from Pikermi. 
The genus Ancylotheriuxn Gaudry w 7 as not proposed by the latter author until the year 1863 (c/. “Animaux 
fossiles et Geologie d’Attique,” pp. 129 et seq.). From the foregoing it is seen that the generic name Nestori¬ 
therium has priority over Ancylotherium , the tjqje species being pachygnathum Wagner, a homonym, which 
must be dropped according to the laws of nomenclature, and replaced by pentelicum Gaudry et Lartet, which 
is identical, and also has priority. 
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partim Abhandlungen des K. Bay. Akad. d. Wissenschaften, II. Kl., Bd. 
VIII, Abth. I, pp. 28 et seq., PI. VII, fig. 15 (1857) (nee R. pacliygnathum 
Wagner 1854). 



Fig. 3. Type of Nestoritherium Kaup. Being the skull of the specimen from Pikermi preserved at 

Munich, the dentition originally figured by Wagner as in part that of Rhinoceros pachygnathus. 

Type Specimens : Humerus, radius, ulna, and fragment of a metacarpal, phalanges 
of fore feet, and part of hind foot, preserved in Paris. Fragmentary skull 
(Rhinoceros (Colodus) pachygnathus, the dentition figured by Wagner), lower 
jaws, distal ends of radius and ulna, carpus, proximal ends of metacarpals, 
preserved in Munich. (Casts of all these specimens are in the Carnegie 
Museum.) 

Location of Types: Musee National d’Histoire Naturelle, Paris, and Staats 
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Museum, Palaontologische Sammlung (Neuhauserstrasse 51), Munich. 

Geological Horizon: Pikermi, Greece (Upper Miocene). 

? ? 3 3 

Generic Characters : Dentition I ^, C ^, P -, last two upper molars 

longer than broad, hypsodont, with vertical crests of ectoloph sharp, the 
external walls more nearly vertical than in Macrotherium and Chalicotheriwn; 
skull long, but not narrowing in front as much as in Mor opus; the anterior 
margin of the posterior nares on the median line opposite the anterior edge 
of the posterior lobe of the last molar; carpus relatively low; trapezium present 4 
(?); manus and pes tridactyl; the anterior surface of the metacarpals longi¬ 
tudinally concave, and the shafts more nearly trihedral in cross-section than 
in Moropus. The transverse diameter of the distal end of the radius is rela¬ 
tively much greater than in Macrotherium , the articulating surface in the 
latter genus being nearly quadrate, while in Nestoritherium as well as in 
Moropus this surface is oblong, with the antero-posterior diameter not more 
than half the transverse diameter (c/. Deperet, Mammiferes Miocenes de la 
Grive-Saint-Alban, p. 71). The distal face of the astragalus articulates 
with the navicular only; Mt. Ill is the longest, whereas in Moropus the meta¬ 
tarsals III and IV are more nearly subequal. 


Subfamily MACROTHERIINiE subfam. nov. 

Genus Macrotherium Lartet. 

Lartet, Comptes Rendus des Seances de l’Academie des Sciences, Tome IV, pp. 
85-93 (1837). 

Synonym Anisodon Lartet, Notice sur la Colline de Sansan, p. 30 (1851). 

Type: M. grande Lartet (Grande Anoplotherium), Comptes Rendus, l. c. Cf. 
Gervais, Zoologie et Paleontologie Francaises, Ire Ed., Tome I, p. 91; 2me Ed., 
Tome I, p. 169 (1859). 

Type Specimens : Fragments originally obtained by Lartet, the dentition referred 
by him to his “grande Anoplotherium,” the foot-bones attributed to the 
“pangolin gigantesque” of Cuvier. This scanty material was subsequently 
augmented by specimens obtained at the same locality, and undoubtedly 
representing the same species, which were studied, described and figured 
by Gervais under the name M. giganteum. The restoration of the fore and 

4 A careful examination of the specimen preserved in Munich plainly suggests that the trapezium 
must have been present, though it is not preserved in the specimen. The facets on the radial face of Me. II 
appear to indicate articulating surfaces for this bone. 
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hind foot effected by Gervais from this material has been accepted for more 
than half a century as correct, and his drawing, first published in the Journal 
de Zodlogie, Tome VI, PI. II, has been reproduced in almost all text-books on 

paleontology published since his day. Ger¬ 
vais, led by the belief, which prevailed at the 
time, that these animals were edentates, at¬ 
tempted in his restoration to give to the feet a 
plantigrade position. He completely ignored 
the articulating surfaces for the large sesamoids, 
of the existence of which he had no knowl¬ 
edge, and forced the proximal articulating sur¬ 
faces of the phalanges over the carina sepa¬ 
rating the sesamoids, an impossible position. 
He also made the evident mistake of attach¬ 
ing the largest ungual phalanx to digit IV, 
thus imparting to his restoration an exaxonic 
appearance. In the figures here given (Fig. 4) 
we have reproduced the restoration made by 
Gervais as it is given in Zittel, Handbucli d. Palscontologie, Bd. IV, p. 312, 
and a restoration in which we have employed the casts of the material used 
by Gervais, collocating them after the analogy of the manus of Moropus. 
The theory that the feet of the Chalicotheroids were exaxonic must fall. 
The main axis of the manus, supporting the stress of the body, was through 
the lunar, the magnum, and metacarpal III, the feet being diplarthrous, and 
mesaxonic. 

Location of Types: Musee National d’Histoire Naturelle, Paris. (Casts of all 
this material are contained in the Carnegie Museum.) 

Geological Horizon: Sansan, Gers, France (Miocene). 

? ? 3 3 

Generic Characters: Dentition 1^, C j, P^, M^; length and breadth of 

superior molars subequal, external walls bent inwardly, vertical crests more 
rounded than in Moropus or Ancylotherium; humerus relatively slender, radius 
and ulna relatively long in comparison with other genera; distal articulating 
surface of radius subquadrate, not transversely elongate as in Moropus and 
Nestoritheriurn; Me. IV and Mt. IV longer than the other metapodials; tibia 
proportionally short; Me. V wanting; trapezium absent; astragalu slow, 
broad, articulating with both the navicular and the cuboid; pes relatively 
short. 




Fig. 4. Left forefoot of Mcicrotherium as 
restored by Gervais (to the left) compared 
with the same foot as it should be placed (to 
the right). 
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Genus Chalicotherium Kaup. 

Kaup, “Description d’Ossements Fossiles de Mammiferes Inconnus Jusqu’a 
Present, qui se trouvent au Museum Grand-Ducal de Darmstadt,” etc., 
Second Cahier, pp. 4-8 (1833). 

Type: C. goldfussi Kaup, l. c. 

Type Specimens : One upper and one lower molar described and figured by Kaup, 
also a canine, which is now known not to have belonged to the same animal, 
and is totally unlike what we know of that tooth in this and other Chalico- 
therine genera. Subsequently other specimens were found in the same general 
locality, and these are preserved in the Museum at Darmstadt, and being 
referable without doubt to the same species, and dating from the time of 
Kaup, are regarded as neo-typical. 

Location of Types : Grand-Ducal Museum in Darmstadt. (Casts in the Carnegie 
Museum.) 

Geological Horizon: Eppelsheim, Germany (Upper Miocene). 

? ? 3 3 

Generic Characters: Dentition Iy, C 5 y, Py, M^; upper molars broader 

than long, the molar series being relatively shorter than in Macrotherium, 
and much shorter than in Mor opus or N estoritherium; crowns brachyodont, the 
outer walls bent inwardly as in the preceding genus, and the vertical crests 
of the ectoloph gently rounded; proximal phalanx short, relatively shorter 
in the shaft than in Macrotherium, depressed, broad; ungual high and laterally 
compressed as in Macrotherium. 

Genus Circotherium h gen. nov. 7 

Type: Chalicotherium ( Anoplotherium ) sivalense (Falconer & Cautley), Transac¬ 
tions of the Geological Society of London, Yol. Y, p. 502 (1837); Fauna Antiqua 
Sivalensis, VIII, PI. 80 (1847); Paleontological Memoirs and Notes of the 
late Hugh Falconer, etc., by Charles Murchison, Vol. I, p. 208, PI. 17 (1868). 

5 The canine figured by Kaup, as has already been pointed out, does not belong to the Chalicotheroidea. 

6 dpKos = a falcon , in playful reference to the name of Dr. Falconer; d^piov = a wild beast. 

7 The generic identification of Nestoritherium Kaup, founded upon the specimen from Pikermi, with 
Chalicotherium sivalense (Falconer and Cautley), made by Falconer on the occasion of liis visit to Munich in 
1861, and apparently accepted by Lydekker in his Catalogue, is not, in the light of our studies, one which can 
stand. We regret very much to be compelled to add another generic name to those which have been employed 
in designating the Chalicotheres, but as the type of Nestoritherium, as has already been pointed out, is un¬ 
doubtedly the specimen in Munich (= pentelicum (Gaudry et Lartet)), the Indian species, which is characterized 
by a brachycephalic skull and by having a canine in the lower jaw which is not found in Nestoritherium, so far 
as existing material shows, must be separated genetically, as we have done. 


212 


MEMOIRS OF THE CARNEGIE MUSEUM. 


Location of Types: The fragments of the upper and lower jaws, described and 
figured in the papers cited above, formed a part of the Cautley Collection, and 
are preserved in the British Museum. The anterior portion of the skull likewise 
figured and described in the same papers, being a part of the Dadapoor Collection 
of Messrs. Baker and Durand, was deposited in the Museum of Marischal 
College, Aberdeen, and has been lost. The writer made diligent effort some 
years ago to obtain a sight of this specimen, and finally having enlisted the 
assistance of Dr. A. Smith Woodward, ascertained through him, as the result 
of his correspondence with the authorities of the College, that it is “reported” 
that certain “old bones,” which once were in the Museum of Marischal College, 
had been thrown out, and “buried in the flower-beds in the court of the 
College.” Dr. Woodward in a letter to the writer jocosely suggested a journey 
to the spot for the purpose of undertaking excavations in quest of the types 
of the Indian fossils described by Falconer, but so far I have not heard of his 
having taken the journey. Very fortunately a cast of this anterior portion 
of the interlocked cranium and the lower jaws made long ago, exists in the 
British Museum, where I have examined it; and a copy of this cast was with 
the greatest kindness prepared and presented to the Carnegie Museum through 
Dr. Woodward, acting on behalf of the Trustees of the British Museum. 

Geological Horizon: Siwalik Hills, India (Pliocene). 

0 0 3 3 

Generic Characters: Dentition 1^-, C=-, P^, M^; the published figures of 

U 1 o o 

the original specimen ( cf . Falconer and Cautley, ll.ee) suggest the presence 
of alveolar openings for incisors, but the emphatic statement of Falconer 
that “there is not a trace [of the incisors] even in the most rudimentary form” 
leaves no doubt that they were wanting both in the upper and lower jaws. 
The lower canine is well developed and strong. M 1 is broader than long, 
as in Chalicotherium; M 2 is longer than broad; M 3 as broad as long, as in 
Macrotherium. The premaxillaries are short and delicate. The anterior 
extremity of the mandible is greatly reduced in length in comparison with 
Moropus, the symphysis of the lower jaw is heavy, tapering very rapidly to 
the thin edentulous incisive alveolar border. The remains of the skull and 
dentition show clearly that the animal must have had a very short muzzle, 
was brachycephalic, and not dolichocephalic, as Moropus and Nestoritherium. 
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GENERA AND SPECIES WHICH HAVE BEEN FORMERLY 
REFERRED TO THE CHALICOTHEROIDEA. 

Genus Colodus Wagner. 

Wagner in the Abhandl. d. K. Bayer. Akademie d. Wissenschaften, Band V, 
Abtheil. II, described Rhinoceros pachygnathus, and figured on Plate X, figs. 3 
and 4, the fragmentary lower jaw of a specimen, which undoubtedly pertained to a 
rhinocerotid. In the same journal, Yol. VIII, PI. VII, fig. 15, he figures a portion 
of the dentition of a Chalicothere which he ascribes to Rhinoceros pachygnathus, 
still preserved in the Museum at Munich, and represented by a cast in the Car¬ 
negie Museum. This specimen was the type of Nestoritherium Kaup. Subse¬ 
quently (Sitzungsberichte d. K. Bayer. Akad. d. Wiss., Vol. II, pp. 81-82 (1861)) 
Wagner erected the genus Colodus for the reception of Rhinoceros pachygnathus. 
As the type specimen upon which he originally founded the species Rhinoceros 
pachygnathus is a true rhinoceros, the genus Colodus has been very properly 
accepted by Zittel and others as belonging to the Rhinocerotidae, and by Zittel is 
regarded as a synonym of Atelodus Pomel. The erroneous reference of the superior 
dentition of a Chalicotheroid to Rhinoceros pachygnathus does not constitute a 
valid ground for regarding the generic name Colodus, afterwards applied to the 
species, as applicable to the Chalicothere from Pikermi, to which Kaup gave the 
name Nestoritherium. Colodus must be restricted to the Rhinocerotidae, as the 
original type belonged to this family. 

Genus D^eodon Cope. 

Though originally referred by Cope to the Chalicotheriidae, it is an Entelodont. 
Cf. Peterson, Memoirs Carnegie Museum, Vol. IV, p. 63 (1909). 

Genus Homaladotherium Flower, Proceedings of the Royal Society of London, 

Vol. XXI, p. 383 (1873). 

This name suggested by Huxley in his Annual Address before the Geological 
Society of London, which was reported in the Quarterly Journal of that Society, 
Vol. XXVI, p. lvii (1870), but which is nomen nudum, was first given standing by 
Flower ( l. c.). It since has undergone a number of mutations in spelling. Flower 
himself in 1874 gave it as Homalodontotherium, Burmeister in 1891 as Homalodon, 
and Florentino Ameghino in 1906 employs Homalotherium. 

The specimens described by Sir William Flower were the same to which 
Professor Huxley had referred in his address. Ameghino in the Anales del Museo 
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Nacional de Buenos Aires, Toino XV, p. 317 et seq., places his Homalotherium 
segovice in the Ancylopoda, and points out certain very remarkable features of the 
structure of the foot, which suggest that this form is related to the Chalicotheroidea. 
However the dentition and other features show that aside from the bifid condition 
of the unguals the animal had little in common with the Chalicotheres, a fact which 
has been well set forth by Gregory in his recent work to which reference has been 
made. Bifidity of the unguals is not confined to the Chalicotheroidea, as is well 
known to all students of comparative anatomy. It is a primitive structural 
feature, traces of which may be found in many widely separated families and 
genera. To point out these would necessitate the writing of a chapter, for which 
there is not space in the present memoir. 

Hyracotlierium craspedotum Cope, Bull. U. S. Geol. Survey, VI, p. 198 (1881). 
Now referred to the Equidie. 

Hyracotlierium venticolum Cope, Bull. U. S. Geol. Survey, VI, p. 198 (1881). Now 
referred to the Equidse. 

Hyracotlierium vortmani Cope, Bull. U. S. Geol. Survey, VI, p. 198 (1881). This 
species was by Cope, l. c., p. 199, referred to Phenacodus, and is still regarded 
as belonging to the Phenacodontidse. 

Lambdotherium popoagicum Cope, American Naturalist, Vol. XIV, p. 746 (1881), 
and L. brownianum Cope, l. c., p. 197, are both referred to the Titanotheres. 

Genus Meniscotherium Cope, Report upon Vertebrate Fossils Discovered in 

New Mexico, p. 8 (Nov., 1874). 

In the paper here cited Professor Cope erected a new genus under the above 
name, the type being the species described by him under the name chamense. 
Professor H. F. Osborn in a paper published in the American Naturalist, February, 
1893, pp. 118-133, in discussing the relationship of the various genera of the An¬ 
cylopoda calls attention to the fact that in Meniscotherium the same reduction in 
the anterior portion of the dental series and the same enlargement of the posterior 
portion, which is noticeable in the Ancylopoda, occurs, and also that the molars of 
Meniscotherium in both jaws have the same pattern as those of the Chalicotheres. 
He therefore suggests that Meniscotherium was perhaps in the line of the ancestry 
of the Ancylopoda. Subsequent studies which have resulted in the almost complete 
restoration of the skeleton of Meniscotherium, have demonstrated to the satis¬ 
faction of students that the resemblances in the dentition of Meniscotherium and 
the Chalicotheroidea, while pointing possibly to a remote common ancestry, do 
not suffice to establish the fact that Meniscotherium was ancestral to the Chali- 
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cotheres. Dr. Gregory in his recent valuable work upon “The Orders of Mam¬ 
mals” has clearly pointed out this fact. The Meniscotheriidse are now accepted 
as a family of the Condylarthra. 

Oligotomus osbornianus Cope, Proc. Am. Phil. Soc., Vol. XX, p. 182 (1881) was 
made the type of the genus Edocion by Cope, American Naturalist, Yol. XYI, 
p. 522, and is now referred to the Phenacodontidce. 

Genus Sphenoccelus Osborn, Bulletin American Museum of Natural History, 

Vol. VII, p. 98 (1895). 

The specimen, to which Dr. Osborn gave the specific name uintensis, came 
from Wagonhound Canyon, Uintah County, Utah. The specimen consists of the 
posterior portion of a cranium, which Dr. Osborn with hesitation and doubt referred 
provisionally to the Chalicotheriidce, but which, until more and better material is 
obtained, must be regarded as incertce sedis. 

Systemodon Cope, gen. nov., American Naturalist, XV, p. 1018 (1881). 

The type of the genus selected by Cope was Hyracotherium tapirinum, which is 
now referred to the Equidse. 

Systemodon semihians Cope, Proc. Am. Phil. Soc., Vol. XX, p. 184 (1881). This 
species is now referred to the Tapiridce. 

CHAPTER III. THE SPECIES OF THE CHALICOTHEROIDEA. 

It is not the purpose of the brief resume which we are giving in this part of this 
memoir to do more than indicate the salient facts as to our present knowledge of 
the classification of the Chalicotheroidea, nevertheless it has appeared to us that 
it may add value to this paper to incorporate at this point a list of the species of 
the Family Chalicotheriidse which have hitherto been named. This is done 
without positively affirming anything as to their validity, except in the case of 
those species, which are accepted as genotypes. This is more particularly true 
in the case of the European species. To have undertaken to look up all the types, 
often fragmentary, and in some cases specifically unidentifiable, which are scattered 
through European collections, would have required more time than has been at 
the command of the senior author, when in Europe. In reference to the species of 
American origin we can speak more confidently. 
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LIST OF SPECIES 8 BELONGING TO THE CHALICOTHEROIDEA. 

Family CHALICOTHERIID/E. 

Subfamily SCHIZOTHERIIN.E. 

Genus Schizotherium Gervais. 

1. S. f priscum (Gaudry), Journal de Zoologie, Vol. IV, p. 519 (1875). 

Phosphorites of Quercy (Oligocene). 

2. S. modicum (Gaudry), l. c., p. 523 (1875). 

Phosphorites of Quercy (Oligocene). 

3. S. ingens (Filhol), Comptes Rendus, Vol. XC, p. 1580 (1880). 

Phosphorites of Quercy (Oligocene). 

4. S. wetzleri (Kowalesky), Palseontographica, Vol. XXII, p. 250, PI. VIII, figs. 

74dl-74d4 (1876). 

Eggingen, Germany (Oligocene). 

5. S. schinzi (H. von Meyer) fide Trouessart. Ubi descript. V 

6. S. sp ? Pilgrim, Rec. Geol. Survey of India, Vol. XL, p. 67 (1910). 

Nari Beds, Bugti Hills (Aquitanian fide Pilgrim. Oligocene?). 

Genus Pernatherium Gervais. 

1. P. frugosum Gervais, Journal de Zoologie, Vol. V, No. 6, pp. 424-432 (1876). 
Marls of Saint-Ouen (Eocene). 

Genus Eomoropus Osborn. 

1. E. \amarorum (Cope), Proceedings American Philosophical Society, Vol. XIX, 
p. 389 (1881). 

Washakie Beds, Wyoming (Upper Middle Eocene). 

Genus Phyllotillon Pilgrim. 

1. P. \naricmn (Pilgrim), Rec. Geol. Survey of India, Vol. XXVII, p. 156 (1908). 
Nari Beds, Bugti Hills (Oligocene). 

8 A dagger before the specific name indicates the genotype. 

9 A search of all the literature available has failed to reveal the location of the original description of 
Anisodon schinzi von Meyer, which is cited by Trouessart without reference to the title and date of the paper 
in which it appeared. 
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Subfamily MOROPODINiE. 

Genus Moropus Marsh. 

1. M. oregonensis (Leidy), “The Extinct Vertebrate Fauna of the Western Terri¬ 

tories,” p. 219, PI. II, fig. 1 (1873). Lophiodon oregonensis Leidy, l. c. 

Bridge Creek Beds, Oregon (Miocene). 

2. M. f distans Marsh, American Journal of Science and Arts (3), Vol. XIV, pp. 

250-251 (1877). 

John Day Beds, Oregon (Lower Miocene). 

3. M. senex Marsh, l. c., p. 250 (1877). 

John Day Beds, Oregon (Lower Miocene). 

4. M. elatus Marsh, l. c., pp. 250-251 (1877). Syn. M. cooki Barbour, Nebraska 

Geol. Survey, Vol. Ill, pt. 2 (1907). 

Lower Harrison Beds, Nebraska (Lower Miocene). 

5. M. petersoni Holland, Science (New Series), Vol. XXVIII, p. 809 (1908). 

Syn. M. parvus Barbour, Nebraska Geol. Survey, Vol. Ill, pt. 3, p. 222 (1909). 
Lower Harrison Beds, Nebraska (Lower Miocene). 

6. M. matthewi sp. nov. ( vide infra). 

Pawnee Beds, Colorado (Middle Miocene). 

7. M. hollandi Peterson, Science (New Series), Vol. XXXVIII, p. 673 (1913). 

Upper Harrison Beds, Nebraska (Middle Miocene). 

8. M. maximus sp. nov. (?) Vide infra. 

Lower Harrison Beds, Nebraska (Lower Miocene). 

9. M. merriami sp.nov. (?) vide infra. Moropus sp.? Merriam, Publ. Univ. Cali¬ 

fornia, Bull. Dept. Geol., Vol. VI, pp. 267-271 (1911). 

Virgin Valley Beds, California (Middle Miocene). 

Genus Nestoritherium Kaup. 

(Synonym Ancylotherium Gaudry.) 

1. N. \pentelicum (Gaudry et Lartet), Comptes Rendus, Vol. XLIII, p. 271 
(1856). = N. pachygnathum Kaup (1859) (nec Rhinoceros pachygnathus 

Wagner). 

Pikermi, Greece (Late Miocene). 

Subfamily MACROTHERIINriE. 

Genus Macrotherium Lartet. 

1. M. grande (Lartet), Comptes Rendus, Vol. IV, pp. 85-93 (1837). 

Sansan, France (Miocene). 
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Synonjmis: M. sansaniense Lartet, Notice sur la Colline de Sansan, p. 22 
(1851); M. magnum Lartet, l. c., p. 30 (1851); Filhol, Ann. Sc. Geol., 
XXI, p. 294 (1891); Osborn, American Naturalist, Vol. XXVII, p. 118 
(1893); M. giganteum Gervais, Zool. et Paleont. Francaises, Ire Ed., 
p. 13G (1848), 2me Ed., p. 252 (1859); var. secundarium Filhol, Mam. 
Foss, de Sansan, PI. XLV, fig. 2 (1889). 

2. M. rhodanicum Deperet, “Mammiferes Miocenes de la Grive-Saint-Alban, 
etc.” Archives Mus. Lyon, Vol. V, p. 63 (1892). 

Genus Chalicotherium Kaup. 

1 . C. f goldfussi Kaup, Descriptions d’Ossements Foss, de Mammif., etc., Cahier 

II, p. 6 (1883). 

Synonyms: “Pangolin gigantesque” Cuvier, Ossemens Fossiles, 3me Ed., 
Vol. V, p. 193, PI. XVI, figs. 26 and 27 (1825); C. giganteum Deperet, 
“Mammiferes Miocenes de la Grive-Saint-Alban,” etc., Arch. Mus. 
Lyon, Vol. V, p. 81 (1892). 

Eppelsheim, Germany (Pliocene). 

2. C. antiquum Kaup, l. c., p. 7 (1833). 

Eppelsheim, Germany (Pliocene). 

3. C. minus (Lartet). ( Anisodon minus) Lartet, Notice sur la Colline de Sansan, 

(1851). 

4. C. baltavarense Petho, “Ueber d. Foss. Saugeth. Ueberreste von Baltavar,” 

Jahrbuch d. K. Ungar. Geol. Anstalt, pp. 455-464 (1884) (Upper Miocene). 

5. C. sinense Owen, Quart. Journ. Geol. Soc. of London, Vol. XXVI, p. 429, 

PL XXIX, figs. 7-10 (1870); Lydekker, Cat. Foss. Mamm., Vol. Ill, p. 165, 
fig. 21 (1886) (Pliocenc(?) of China). 

6. C. sindiense (Lydekker), Mem. Geol. Survey India, Palreontologia Indica, 

Vol. I, p. 64 (82); PI. VIII, figs. 11-14 (1876), Do, Vol. IV, p. 50 (1886). 

Genus Circotherium Holland & Peterson. (Cf. p. 211.) 

1 . C. Sivalense (Falconer & Cautley). Trans. Geol. Soc. London, V, p. 502 
(1837). Fauna Ant. Sivalensis, VIII, PI. 80 (1847); “Paleontological Memoirs 
of Hugh Falconer, A.M., M.D.,” etc., Edited by Charles Murchison, Vol. I, 
p. 208 et seq., PI. XVII (1868). 

Upper Siwalik Beds, India (Late Miocene or Pliocene?). 

Species incertce sedis. 

Chalicotherium bilobatum Cope, “The Vertebrate Fauna of the Swift Current 
River,” II, American Naturalist, Vol. XXIII, pp. 151-155 (1889). 
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The specimen very probably does not represent a Chalicotheroid, as an ex¬ 
amination of its dentition shows. 

Sphenoceelus uintensis Osborn, Bulletin American Museum Natural History, Vol. 
VII, p. 98 (1895). (Cf. supra under Sphenocoelus, p. 215.) 

CHAPTER IV. THE SPECIES OF THE GENUS MOROPUS. 

Order UNGULATA Ray. 

Suborder PERIS S O DACTYL A Owen. 

Superfamily CHALICOTHEROIDEA Gill. 

Family CHALICOTHERIIDiE Gill. 

Genus Moropus Marsh. 

1. M. oregonensis (Leidy). 

(Lophiodon oregonensis) “Contributions to the Extinct Vertebrate Fauna of the 
Western Territories,” p. 219, PI. II, Fig. 1 (1870). 

Type: Fragment of maxillary containing two cheek-teeth (P 4 M 1 ) (see Fig. 5, 1-2). 
Location of Type: Condon Collection (fide Leidy); Peabody Museum, Yale Uni¬ 
versity, No. 10030. (Purchased from Dr. Condon by Professor Marsh.) 
Geological Horizon: Bridge Creek Beds, John Day region, Oregon (Lower Mio¬ 
cene?). 

The description and figure given by Leidy ( l . c.) were decided by Mr. Peterson 
to represent the dentition of a Chalicotheroid referable to Moropus. Quite re¬ 
cently, as this paper was going to the press, through the kindness of Dr. R. S. Lull 
we have received for purposes of study and comparison a number of fragments 
preserved in the Peabody Museum. It was intensely gratifying to discover in 
this material the type of Leidy’s Lophiodon oregonensis, and associated with this 
by Professor Marsh are two premolars and a molar which may well have pertained 
to the same individual as Leidy’s type, judging from the similarity in size and 
wear, together with the coloration and general condition of the different fragments. 
The fragments pretty plainly show that they are surface fragments, and may 
have been picked up at the same spot by different parties at different times. A 
first and second upper molar also referred by number to the same specimen, belong, 
however, undoubtedly to a different individual, and are here designated by No. 
10030a, in order to separate them from Leidy’s type. Besides these specimens 
coming from the Yale Museum, we have received from the American Museum of 
Natural History a posterior upper molar from the John Day formation. This 
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specimen we have also figured. These teeth which are unmistakeably referable 
to Moropus give us all that is at present known of the dentition of the Chalicotheres 
of the John Day formation (see Fig. 5). 

In general proportion and details of structure P 3 and 4 of M. oregonensis do 
not present any important differences from those of M. elatus, except the slightly 
more brachyodont crowns and a less development of the parastyle. The molars 
which are provisionally referred to M. oregonensis are also more brachyodont 
than in M. elatus, and the parastyles less prominent, especially on M 1 and M 2 
(see Fig. 5: 2, 5, 6, 7 and 8). M 3 appears to be proportionally broader and shorter 
than in M. elatus, but otherwise there is little or no difference in the detailed 
structure of the teeth. 

Whether the teeth which are recognizable as belonging to the animal described 
as oregonensis by Leidy may ultimately be found to belong to one or the other of 
the animals described by Marsh as M. distans and M. senex, is a question which 



Fig. 5. M . oregonensis Leidy. 1-2, P 4 and M 1 of right 
side (type specimen described by Prof. Leidy; 3-4, P 3 and 
P 4 of left side; 5, M 3 of right side (3, 4, 5 probably be¬ 
long with Leidy's type); 6-7, M 1 and M 2 ) (No. 10030a, 
Peabody Museum); 8, M 3 , external view of No. 7259, A. 
M. N. IL, and a portion of the malar bone, showing the 
inferior border of the orbit. 



Fig. 6. The type of M . distans Marsh. 1, 
duplex bone, a, first phalanx, coossified with b, 
the second phalanx; 2, cuboid; 3. second pha¬ 
lanx. XL Drawn from Marsh’s type. The 
bone represented by 1 probably belonged to 
digit III of the manus. 


the future alone can decide. Marsh’s material from the John Day consisted simply 
of fragmentary bones of the feet, generically, but not specifically, recognizable. 
It may well be that the event will prove the identity of M. oregonensis (Leidy), 
with either or both of the two so-called species of Marsh. Judging from the 
dentition, M. oregonensis was a smaller animal than M. elatus of Nebraska. 

The bones recently described by Merriam (Bull. Dept. Geol. Univ. Calif., 
Vol. VI, pt. ii, pp. 267-271 (1911)), without giving them a specific name, but for 
which we suggest the name M. merriami, coming from the Virgin Valley Beds, 
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evidently represent an animal of considerably larger size than M. oregonensis, an 
animal in fact quite equal in size to M. elatus, if not surpassing it. These remains 
come from a later geological horizon than those originally described by Leidy and 
by Marsh, the Virgin Valley Beds belonging according to Merriam to the Middle 
Miocene. 

2. M. fdistans Marsh, American Journal of Science and Arts (3), Vol. XIV, p. 
249-250 (Sept. 1877).—Peterson, “ Preliminary Notes on Some American 
Chalicotheres,” American Naturalist, XLI, pp. 733-752 (1907). 

Type: Coossified first and second phalanx, median phalanx, and cuboid (the 
latter identified as such by Peterson, l. c.). ( Cf. Fig. 6, p. 220.) 

Location of Types: Peabody Museum, Yale University. 

Geological Horizon: John Day Beds, Oregon (Lower Miocene). 

“Moropus distans, gen. et sp. nov. 

“This genus of Edentates is based mainly upon the bones of the feet, which 
have been found in several individuals. These remains are quite different from 
the feet bones of any of the American Edentates, recent or fossil; but indicate 
affinities with the extinct Ancylotherium, from the Tertiary of Europe, which is 
supposed to be related to the American Ant-bear (Orycteropus) . The specimens 
here described belong to a distinct family, the Moropodidce. 

“In the type specimen of the present species, only the hind feet appear to be 
represented. One of the most characteristic bones is a coossified first and second 
phalanx. The articulation for the metatarsal is nearly in a horizontal plane, and 
situated on the proximal end of the upper surface of the base. It is somewhat 
heart-shaped in outline with the apex rounded and about equally concave in both 
directions, or slight^ less so transversely. This articulation occupies nearly half 
the length of the first phalanx which is thoroughly coossified with the second. 
The line of junction between the bones can, however, be traced easily, and is 
strongly marked on the under surface by a pit or foramen entering obliquely 
upwards and forwards. Except near this line of junction, the surface of the bone 
is rather smooth. The under surface, below the articulation, is flattened. The 
second phalanx is less than half the length of the first, and its surface is roughened, 
as if by abnormal growth of bone over the surface. The length of the first phalanx 
is 43 mm.; the longitudinal diameter of the matacarpal articulation 18 mm.; its 
transverse diameter 23 mm. The least transverse diameter of the bone is 21 mm.; 
its vertical diameter at the middle is 20 mm. The second phalanx is broken in 
this specimen, its distal articular face being absent. 
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“ Associated with the above specimen is a short bone evidently a median 
phalanx, with both articular surfaces well preserved and in form corresponding to 
each other. Proximally there are two grooves separated by an intermediate ridge, 
and distally two pulley-shaped ridges with a deep groove between. The length 
of the shaft of this bone is 23 mm.; its transverse diameter is 
21 mm. proximally, and 17 mm. distally. Near the center of 
the terminal pulleys is a deep pit on each side. The greatest 
vertical diameter of the bone is 32 mm. This bone resem¬ 
bles the penultimate phalanx of the middle finger of Priodontes, 
but is some what shorter and thinner. 

“These and other less characteristic remains indicate an 
animal somewhat larger than a tapir. They were found in 
the Miocene of Oregon by the Yale Expedition of 1873” 
(Original Description of Marsh, l. c.). 

3. M. senex Marsh, American Journal of Science and Arts 
(3), Vol. XIV, p. 250 (Sept. 1877). —Peterson, American 
Naturalist, Vol. XLT, pp. 733-752 (1907). 

Type : Coossified first and second phalanx. ( Cf . Fig. 7.) 

Location of Type : Peabody Museum, Yale University. 

Geological Horizon: John Day Beds, Oregon (Lower Miocene). 

“Moropus senex, sp. nov. 

“A second larger species of the same genus is indicated by a few remains, 
among which is the characteristic bone formed of the united phalanges. The 
proximal phalanx is considerably larger than the one above described. Its length 
is 52 mm. The proximal articulation is oblique, and does not occupy more than 
one-third the upper surface of the bone. The median phalanx is well preserved, 
and measures 25 mm. in length. It is not united with the first phalanx in a line 
with the axis of that bone, but is inclined about 15° toward the sole of the foot. 
Its distal articulation is composed of two not verj'' prominent pulley-shaped surfaces 
with a groove between” ( Original Description by Marsh). 

4. Moropus elatus Marsh, American Journal of Science and Arts (3), Vol. XIV, 
pp. 250-251 (1877).—Scott & Osborn, Bulletin Museum of Comparative 
Zoologjq Vol. XX, p. 99 (1890).—Zittel, Handbuch d. Palseontologie, Bd. IV, 
pp. 314-315 (1893).—Peterson, Annals Carnegie Museum, VoL V*, p. 60 (1906). 
— Idem., “Preliminary Notes upon Some American Chalicotheres,” American 



Fig. 7. The type of 
M. senex Marsh. Duplex 
bone. X£. Probably be¬ 
longing to digit II of 
manus. 
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Naturalist, Vol. XLI, pp. 733-752 (1907).—Holland, Science (New Series), 
Vol. XXVIII, p. 809 (1908).—Osborn, Bulletin American Museum Natural 
History, Vol. XXXII, p. 263 (1913). 

Synonym: Moropus cooki Barbour, Nebraska Geol. Survey, Vol. Ill, pt. 2, p. i 
(1908). 

Type: A number of the bones of the feet and a patella. 10 

Neotype : Articulated skeleton and great assemblage of other material. 

Location of Types: Peabody Museum, Yale University. 

Location of Neotype: Carnegie Museum, Pittsburgh. 

Geological Horizon: Lower Harrison Beds, Nebraska (Lower Miocene). 

Specific Characters : Supraorbital ridges nearly meeting to form a low sagittal crest; 
interparietal sub triangular in outline; cervical vertebra; massive; transverse 



Fig. 8. Part of type of M. elatus Marsh. 1-2, patella; 3-4, lateral and dorsal views of duplex bone; 
5, cuneiform of right forefoot. XJ. Drawn from Marsh's types. 


process of the fifteenth dorsal having a great vertical diameter, and pierced 
by a foramen; anterior lumbar vertebrae assuming the lumbar form some¬ 
what abruptly, and not retaining the features of the antecedent dorsals; neural 
spines of the lumbars and sacrals sloping but little backward; limbs and feet 
relatively heavy; fore and hind limbs subequal in length; scapula broad and 
comparatively short; facets for trapezium on scaphoid and on metacarpal 
II well indicated; metapodials relatively long and not expanding rapidly at 
their distal extremities; animal as large or larger than an African rhinoceros. 

10 In 1906 Peterson placed the genus and species upon a firm basis by a comparative study of the types 
in the Peabody Museum and the collections acquired by the Carnegie Museum. 
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The species, remains of which have been recovered in most perfect condition 
in the Agate Spring Quarry, has been identified both by the writer and his colleague, 
Mr. Peterson, as Moropus elatus Marsh. The types preserved in the collection of 
Professor Marsh in the Yale Museum are fragmentary, but they absolutely agree 
in every respect with the corresponding portions of the animal remains of which 
were found in Carnegie Hill. If type specimens have any value -whatever in 
enabling the determination of a species, then it is true that the remains above 
alluded to, which were recovered during the seasons of 1904 to 1908, belonged to 
the animal named Moropus elatus by Marsh. 



Fig. 9. Part of the type of M. elatus Marsh. 1, distal end of Me. II; 2-3, dorsal and tibial views of 
Mt. II; 4, radial face of Mt. Ill; 5, fibular view of calcaneum; 6, dorsal view of a first phalanx. X§. Drawn 
from Marsh’s types. 


In October, 1908, the writer received from Professor Erwin H. Barbour a 
copy of an account of the fragmentary cranium of Moropus which he recovered in 
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the summer of 1905 in his opening on University Hill. For this specimen he has 
proposed a new specific name, calling it Moropus cooki in honor of Mr. James H. 
Cook. Professor Barbour says: "Marsh’s Moropus elatus was found at Fort 
Niobrara, Nebraska, hence in supposed Upper Miocene, while the one presented 
here was found at Agate, Nebraska, in supposed Lower Miocene. The difference 
in geologic horizon seems sufficient to warrant belief in difference of species.” 
In what way Professor Barbour derived the impression that the types of Professor 
Marsh came from Fort Niobrara and from a higher geological horizon he is unable 
to explain, as he has frankly stated to the writer in private correspondence. Mr. 
Peterson having positively expressed the opinion that Professor Barbour was 
mistaken in this matter, the writer took steps first of all to ascertain through 
Professor R. S. Lull when and where the types of Moropus elatus were collected. 
In the first reply received from Dr. Lull he stated that all that he could report was 
the fact that the specimens had been collected by Mr. H. C. (Hank) Clifford in the 
spring of 1875 and forwarded to New Haven from "White River Station.” Dili¬ 
gent search of gazetteers, maps, reports of United States Indian commissioners 
and agents, and the records of the United States Department of the Interior, so 
far as accessible, failed to show the existence of a "White River Station ” in Nebraska 
unless under this name were intended the military post on the White River in the 
vicinity of Crawford, Nebraska, now Fort Robinson. The writer then took steps 
to ascertain whether Mr. H. C. Clifford might still survive and be able to give 
any information in regard to the matter. The result of inquiries directed to the 
commandant at the Red Cloud Indian agency was the discovery that the death of 
Mr. Clifford had taken place in 1905. Just after getting this information the writer 
was pleased to receive from Professor Lull a letter under date of November 6, 1908, 
in which he says: 

“Dear Doctor Holland: I have found Clifford's correspondence and bill of lading of the lot of 
material sent in with the Moropus type. 

“On March 13, 1875, Mr. Clifford was at Crow Buttes, eight miles east of Red Cloud agency, 
from which he sent a letter announcing his intended departure ‘in a few days' for Sydney, Nebraska, 
with two wagon-loads of bone. The shipment was made from Sydney on the U. P. R. R. (not White 
River), the bill of lading bearing the date of April 2, 1875. As the Moropus specimen was collected 
March 21st or 24th 11 it must have been en route from Crow Buttes to Sydney, presumably where 
the trail crossed the Niobrara River. 

The Red Cloud agency is indicated on Rand & McNally's map of South Dakota , dated 1890, 

11 The field-label in Mr. Clifford's handwriting bears date of March 24, the label written in Professor 
Marsh's handwriting gives March 21 as the date. Professor Marsh's date may well have been a lapsus calami , 
and the slight discrepancy does not possess any importance. 
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just north of the White River, Nebraska, and east of Andrews, our point of shipment this summer. 
I do not know just how the trail would run, possibly Mr. Peterson does, but it would seem to cross 
the Niobrara not far from the Agate Spring Quarries if one may judge from the map. 

“While Clifford’s collection had been made before leaving Crow Buttes, it was not boxed 
until he reached Sydney, so that any material picked up en route could readily have been added. 

“All this evidence seems to be in accordance with Peterson’s belief as to the probable locality 
of the type of Moropus. I should however like to learn your judgment in the matter.” 

Inquiry has developed the fact beyond doubt that the military road between 
the Red Cloud Agency and Sydney, over which in 1875 travel between the Union 
Pacific Railroad and the Fort on the White River took place, crossed the Niobrara 
River on the property locally known as “Lower 33,” this being the name of a 
horse-ranch. The point where the crossing was made, is, as I am informed by 
those who are familiar with the country, east of the ranch now owned by Mr. 
Octave Harris, and therefore between four and five miles east of the Agate Spring 
Quarries. Exposures of the lower Harrison beds containing fossils occur all along 
the Niobrara River for a considerable distance eastward from the point where the 
collections of the Carnegie Museum have been made, possibly for twenty miles, 
though the exact eastern limits of the outcrop of these beds have not as yet been 
definitely ascertained. It is thus definitely ascertained that the types of Professor 
Marsh were collected by Mr. Clifford at the time he was in the neighborhood of the 
crossing of the Niobrara River while on his way from the Red Cloud agency to 
Sydney. They may possibly have been picked up by him at the identical spot 
where the work done by the Carnegie Museum has been carried on; or they 
may have been surface fragments coming from the same beds which he found 
at some point east of the locality which was explored by Mr. Peterson 
and his associates. Without any further evidence than that which we possess 
it is of course impossible to locate the exact spot at which the remains were 
recovered, but that they came from the Lower Harrison beds on the Niobrara 
River is in the opinion of the writer established beyond the shadow of a doubt. 
In view of this fact, inasmuch as there is absolute agreement between the skull 
collected by Professor Barbour and the skull in the possession of the Carnegie 
Museum so far as dentition and all other important points, even that of size, are 
concerned, the writer is compelled, though reluctantly, to regard the name Moropus 
cooki, which Professor Barbour has proposed for the specimen, as a synonym for 
Moropus elatus Marsh. 

5. Moropus petersoni Holland, Science (New Series), Vol. XXVIII, p. 810 (Dec. 6, 
1908). 
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Synonym: M. parvus Barbour, Nebraska Geol. Survey, Vol. Ill, pt. 3, p. 222 
(1909). 

Type: Portions of skulls, a series of cervical vertebrae, a series of anterior and 
posterior dorsals and lumbars, fore limb and manus, hind limb and pes, repre¬ 
senting different individuals, and bearing the following numbers in the Catalog 
of Vertebrate Fossils in the Carnegie Museum: No. 1707, 1703A, B, and 
C, 1700, and 1701. 

Paratype : Upper posterior portion of a cranium belonging to Mr. Harold Cook’s 
Collection, No. 133. 

There is a considerable quantity of other fragmentary remains of this species, 
besides those upon which the original description was based, which are contained 
in the Carnegie Museum. 

Geological Horizon: Lower Harrison Beds, Nebraska (Lower Miocene). 

Specific Characters : Supra-orbital ridges well separated revealing a broad smooth 
area between them, and not tending to unite to form a sagittal crest near the 
occiput; interparietal subquadrate in outline; cervical vertebrae relatively 
light; transverse process of fifteenth dorsal simple, not pierced by a foramen; 
the transition between the posterior dorsals and anterior lumbars marked 
by a less abrupt change in the form of the zygapophyses of the latter than 
is the case in M. elatus; neural spines of the lumbars and sacrals having a 
comparatively greater backward slope than in M. elatus; limbs and feet rela¬ 
tively light; scapula narrow and long; size approximately that of a tapir. 

The material secured in the openings made in Carnegie Hill representing the 
genus Moropus consists of the remains of a number of individuals of large size, 
which it is possible in the light of Professor Marsh’s types to unhesitatingly refer 
to Moropus elatus Marsh, as has already been pointed out. Associated with this 
material there are remains, some of which undoubtedly represent smaller and less 
mature individuals of the same species. There is also a quantity of material, some 
of it representing undoubtedly immature individuals, but a great deal of it repre¬ 
senting fully adult individuals, which differs widely in many particulars from that 
representing M. elatus. 

Three hypotheses have been proposed and discussed in all their bearings: 
(1) that this material may represent immature specimens of M. elatus; (2) that it 
may represent the female sex of M. elatus; (3) that it may represent a species 
different from M. elatus. 

1. First Hypothesis. —In favor of this hypothesis is the fact that the specimens 
are smaller in size and that a few of them through the loss of the epiphyses of the 
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centra of the vertebra, and by the disarticulation which is shown in some of the 
parts, were immature. 

Against this hypothesis is the fact that a large proportion of this material 
represents animals which were undoubtedly fully adult, as is shown by the condition 
of the bones. We have in fact material representing both the juvenile and the 
fully adult stage of animals which in many of their proportions show that they 
were not much more than half the size of the adult M. elatus, as represented in 
the articulated skeleton, approximating in size a large tapir, while M. elatus in its 
fully adult form was as large as a rhinoceros. 

Against this hypothesis is the fact that these bones agree in presenting im¬ 
portant differences in the form of the last dorsal vertebrae, the prezygapophyses of 
the dorsals and first lumbar, the slope of the neural spines of the sacrum, the 
development of the limbs, including the scapula, and the contour of the upper 
part of the cranium. In the original description of M. petersoni the writer called 
attention to the fact that the interparietal in the latter species is subquadrate in 
outline, while in M. elatus it is triangular in all stages of development. This 
distinction appears to hold good in the adults and the young of the two forms. In 
our material we have the skull of an adolescent individual of M. elatus (No. 2104) 
in which the temporal ridges come together to form a low sagittal crest as completely 
as in the fully adult specimen (No. 2103) and revealing the interparietal bone as 
having the outline of a narrow isosceles triangle, just as in the latter specimen. 
This specimen shows that the peculiar configuration of the posterior upper surface 
of the skull is as characteristic in young specimens of M. elatus, as it is in old 
specimens. In view, therefore, of the fact, that, in predicating the specific identity 
of the material under discussion with that representing M. elatus, we would have 
to rest simply upon its smaller size, disregarding a number of other obvious differ¬ 
ences, the writer, after careful consideration, has been led to reject the first hypothe¬ 
sis as untenable. 

2. Second Hypothesis. —The second hypothesis which may be applied to this 
material is, as has been pointed out, that it represents the female sex, while the 
material representing the larger animal represents the male sex. 

In favor of the view that this hypothesis may be correct, it can be urged, first, 
that among mammals the female is generally of smaller size than the male; secondly, 
that the limbs and feet in the female arc slenderer and not as heavily built as in 
the male; thirdly, that in the skull there is often a tendency to the development of 
a sagittal crest or other prominences in the male, while such features are absent, 
or less marked, in the female. Allowing full weight to these considerations, it 
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would be true that associated with them in the case of the female there should 
also be found an increase in the pelvic dimensions and provision for a fuller nutrition 
in the pelvic region. 

An attentive study of the material before us shows that the last two require¬ 
ments are not met. There are two very well preserved ossa innominata of the 
smaller form in which the relative proportions of the bones show that the pelvis, 
so far as its posterior opening is concerned, was relatively smaller in size than is 
the case in the large specimen (No. 1604) which has been selected for restoration 
as a mounted specimen and identified as M. elatus. This specimen consists of the 
os innominatum used in the restoration of the hind limb of M. peter soni, and num¬ 
bered 1701 in the Catalog of Vertebrate Fossils in the Carnegie Museum, and 
specimen No. 1705. 12 This indicates that these remains were those of a male 
rather than of a female. Strangely enough there is another specimen of the 
smaller form, consisting of the ossa innominata (No. 1705) in which the dimensions 
do show an enlargement, which might allow this part of the skeleton to be regarded 
as that of a female. 

Furthermore, the vascular system of the pelvis, so far as any opinion can be 
formed in relation to it, from the size of the foramina of the posterior dorsals, 
lumbars, and sacrals, was not more abundantly nourished in the smaller form 
than in the larger, if indeed as well nourished. The foramina giving exit to the 
nerves and entrance to the arteries are proportionately larger in the larger form 
than they are in the smaller. The writer is of the opinion that the pelvic bones 
do not show, except in the one instance cited above, as that of a female pertaining 
to the smaller form, that relative increase in the size in proportion to the other 
parts which would imply that the specimens before him were those of female 
animals. In other words, the best preserved pelvis of the smaller creature which 
we possess is in its dimensions proportionately smaller than in the larger animal, 
but in one specimen belonging to the smaller animal we have remains which would 
indicate that we are dealing with the pelvis of a female of the same form. Further¬ 
more the very great difference in size, a difference, which it has already been 
pointed out, is as great as that between a large rhinoceros and a tapir, seems to 
be too great to be regarded as a merely sexual character. 

The second hypothesis is therefore rejected, and the writer adopts the third 
hypothesis , namely, that we are dealing in the case of this material with a species 
represented by more or less complete specimens of the skull, the vertebrae, the 

19 In Science, N. S., Vol. XXVIII, p. 810, the numbers 1700 and 1701 were unfortunately reversed. 
No. 1701 applies to the hind limb and 1700 to the fore limb. 
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limbs and pelves of both male and female individuals. To this species the writer 
has applied the name of M. petersoni. It is apparently the same animal to which 
Professor Barbour (7. c.) applied the specific name parvus. 

6. M. (?) maximus sp. nov. (?). 

In Quarry No. 2 Mr. W. H. Utterback recovered with other material a very 
large scapula. The scapula is designated in our Catalog as No. 1776. 
It greatly exceeds in size the scapulae of fully adult specimens of M. elatus; the 
posterior border is sharply angulated above the middle, and not rounded as in 
M. elatus and M. petersoni; and the tuberosity of the spine is most broadly developed 
at its lower extremity, whereas in the two last mentioned species, this tuberosity 
is enlarged about the middle of the spine, presenting a wholly different facies, as 
may be seen by comparing the figure (see Fig. 77) with that of the scapula of 
M. elatus on Plate LXV. In view of its great size, and the features to which we 
have just called attention, we are led to think that we are dealing in the case of this 
bone with an animal which must be regarded as at least specifically, if not generic- 
ally, distinct from the others which have been studied. We hesitate to found a 
species, much less a genus, on a single bone, but nevertheless we have caused this 
specimen to be figured (see Fig. 77), showing its peculiarities, which may assist 
future students in identifying similar material should it be recovered. It has been 
suggested that this large scapula does not represent a new species, but belonged to 
a very old male in which an enormous development of surfaces for muscular attach¬ 
ment had taken place, though most writers would, we think, be inclined to the opinion 
that the theory of a specific difference should hold good. Should later discoveries 
prove the truth of the latter view, the species may be designated as Moropus maximus. 
It is, moreover, possible that this scapula does not represent Moropus at all, but some 
animal more nearly related to the Titanotheres. The entire absence, however, of all 
other material representing the latter family in these beds gives much occasion for 
doubting such a reference. It would be indeed singular that among the thousands 
of bones gathered from these beds the only representative of a Titanothere should 
be a shoulder blade, and that it should occur so high above the Oligocene. 

7. Moropus matthewi 13 sp. nov. 

Type: Various foot bones and an upper molar tooth, Nos. 9076-8, 9080, 9368, 

Collection of the American Museum of Natural History, New York. 
Geological Horizon: From near Pawnee Buttes, Northeastern Colorado (Pawnee 

Creek Beds, Middle Miocene). 

13 The specific name is applied in honor of Dr. W. D. Matthew, of the American Museum of Natural 
History, who discovered the type. 
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The type specimens (see Fig. 10), though fragmentary, plainly reveal an 
animal the metapodials of which are shorter, heavier, and more suddenly enlarged 



Fig. 10. M. matthewi sp. nov. 1, anterior view of Mt. II of right side (A. M. N. H., No. 9368); 2, ant. 
view of Mt. Ill of left side (A. M. N. H., No. 9077); 3, lateral view of ungual of digit II of manus (A. M. N. H., 
No. 9076); 4, superior view of do.; 5, superior view of proximal phalanx of manus (A. M. N. H., No. 9080). 
All figures J nat. size. 


distally than is the case in the species of Moropus found in the Lower Harrison Beds 
of Nebraska. The terminal phalanx of digit II of the manus is quite high and is 
compressed laterally to a slightly greater degree than is the case in specimens of 
M. elatus. The molar tooth of the type specimen is much worn and furnishes no 
characters of specific value. 

It is possible that the remains from the Virgin Valley, California, described 
by Dr. Merriam, 14 pertain to this species. The material before us, however, 
represents an animal of smaller size. The description and the figure (Fig. 45a) 
of the ungual phalanx given in Dr. Merriam’s paper seems, except in size, to 
agree in every detail with the corresponding ungual of M. matthewi. From Dr. 
Merriam’s illustrations it is quite clear that the specimen from Virgin Valley has 
a broader and lower astragalus and a shorter tuber on the calcaneum than Moropus 
elatus. 


Measurements. 

Mm. 


Upper molar, antero-posterior diameter. 50 

Upper molar, transverse diameter. 36 

Metatarsal II, greatest length. 124 

Metatarsal II, transverse diameter of head. 45 

Metatarsal II, transverse diameter middle of shaft. 31 

Metatarsal II, transverse diameter distal end. 48 

Ungual phalanx of Digit II, manus, greatest length. 147 

Ungual phalanx of Digit II, manus, greatest height. 87 

Ungual phalanx of Digit II, manus, greatest transverse diameter. 37 


14 “ Tertiary Mammal Beds of Virgin Valley and Thousand Creek in Northwestern Nevada,” Publ. 
Univ. California, Bull. Geol., Vol. VI, pp. 267-271 (1911). 
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8. M. hollandi Peterson, Science (New Series), Yol. XXXVIII, p. 673 (1913). 
Type: Radius, ulna, and portion of fore foot, femur, tibia, fragment of fibula, and 
portions of both hind feet. 15 (No. 1424 Catalog Vert. Foss. Carnegie Museum.) 
Specific Characters: Limbs slenderer than in M. elatus or M. petersoni. Third 
trochanter of femur less developed than in the latter species. Facet for the trapezium 
on the scaphoid much reduced or wanting. Facet for trapezium on trapezoid not 
extending down to the lower face of the trapezoid as in M. elatus and M. petersoni; 
the heavy protuberance on the dorso-radial angle of the trapezoid (found in elatus 
and petersoni ) absent. Facet for trapezium on Me. II wanting. Metacarpals pro¬ 
portionally long and slender. Proximal and medial phalanges of second digit of 
manus more compressed laterally than in M. elatus or M . petersoni. Animals larger 
than a tapir, but smaller than M. elatus. 



Fig. 11. Anterior view of left manus of M. hollandi Fig. 12. Postero-radial view of scaphoid, trape- 
Pcterson. X l. zoid and Me. II of M. hollandi (1) compared with 

the same bones of M. elatus (2). XJ. 

Geological Horizon: Upper Harrison Beds, Western Nebraska near Wyoming 
State-line (Middle Miocene). 

The olecranon process of the ulna is short and heavy, as in the Chalicotheres 
generally. Distally the radius and ulna are rather slender and very much elongated. 

16 This material was discovered in 1901 and partially described by 0. A. Peterson (Ann. Car. Mus., Vol. 
IV, pp. 60-61, 1906) under M. elatus. The description here given amplifies the original. 
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The general shape of the carpus is similar to that in Macrotherium, but is not 
nearly so heavy. On the ulnar side of the scaphoid, at the distal end, is a heavy 
and rounded process, which reaches over in the ulnar direction and articulates with 
the superior face of the magnum as in Macrotherium. 

The articulation for the scaphoid on the magnum is, however, more lateral in 
Macrotherium than in the species under consideration. The unciform has a heavy 
projection on the dorso-radial angle, which extends upward and radially over 
the ulnar border of the magnum. This character of the unciform is quite like what 
is found in the European form from Pikermi, but not like what is seen in Macro¬ 
therium from Sansan, according to the illustrations which have been given. 16 

Some of the distinguishing characters of the fore foot of this species are: the 
much reduced facet for the trapezium on the scaphoid and Me. II (see Fig. 12, 1), 
which may even be absent; the great downward deflection of the facet for the 
scaphoid on the radial face of the bone, plainly indicating the presence of a trape¬ 
zium, though its articular surface does not extend to the margin of the articulation 
for Me. II as in M. elatus and M. petersoni, and was therefore undoubtedly reduced 
in size, and did not touch Me. II, as in the latter species. The trapezoid has not 
the heavy protuberance on the dorso-radial angle seen in M. elatus and M. petersoni 
(see Figs. 11 and 12), and the articular face for the trapezium does not extend down 
to the articulation for Me. II as in these species. Me. II is 
proportionally longer and slenderer than in M. elatus or M. 
petersoni. Upon more accurate measurements and comparison 
with the cast of Me. II of Macrotherium grande of Sansan 
this bone in the present species is seen to be longer and slen¬ 
derer, though Peterson stated in the original description (l. c.) 
that Me. II in the two specimens were of nearly the same 
length. The distal ends of Me. Ill and IV are unfortunately 
broken off and their length cannot be ascertained from the 
type. Me. V was present, as is plainly indicated by a facet on 
the ulnar face of Me. IV. The coossified first and second pha¬ 
langes of the second digit of the manus are present and show 
plainly a comparatively greater lateral compression than is shown by the duplex 
bone in either M. elatus or M. petersoni (see Fig. 13). 

The head of the femur rests on a very short neck and the great trochanter 

16 Since the original description in the Annals ( l . c.) was published the Carnegie Museum has obtained 
casts of these various European types. The unciform of Macrotherium is not represented and apparently is 
not known, but was supplied in the published illustration, referred to. 



Fig. 13. Coossified 
proximal and median 
phalanges of left digit II 
of manus of M. hollandi 
(No. 1424). Xi ^lat¬ 
eral view; 2, dorsal view. 
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apparently does not extend above the head. There is a broad and rugose third 
trochanter on the femur, a character which is wanting in some of the European 
genera, e. g., Macrotherium. The third trochanter is relatively less developed than 
in M. elatiis or M. petersoni. The lesser trochanter is also quite prominent. The 
condyles of the femur are broken. The tibia, which is short and heavy, has a 
prominent spine, which separates the broad articular facets for the distal end of 
the femur; the cnemial crest is well developed. The fibula, though small, has a 
complete shaft. 

Measurements. 


Mm. 


Greatest length of radius and ulna. 600 

Vertical diameter of scaphoid. 40 

Vertical diameter of trapezoid. 30 

Length of Me. II. 170 

Transverse diameter of carpus at the head of the metacarapls. 96 

Length of femur, approximately. 500 

Length of tibia, approximately. 385 

Greatest length of calcaneum. 113 

Transverse diameter of tuberosity of calcaneum near the free end. 35 

Vertical diameter of astragalus. 64 

Greatest transverse diameter of astragalus. 82 


9. M. merriami sp. nov. 

Moropus sp.? Merriam, Publ. Univ. California, Bull. Dept. Geol., Vol. VI, 
pp. 267-271 (1911). 

The remains described and figured by Professor Merriam from the Virgin 
Valley Beds of Oregon, not only appear to be from a later geological horizon than 
the forms described by Leidy and Marsh from the John Day formations, but they 
represent an animal of much greater size than oregonensis, distans, and senex x 
judging from the material brought to our knowledge. It seems highly probable 
that in this case we are dealing with a form, which is specifically distinct from the 
others found in Oregon. Should subsequent researches justify this opinion, we 
propose for the animal, the remains of which have been well described and figured 
by Professor Merriam, and which may therefore be regarded as the types, the name 
above given, in recognition of the labors of this distinguished paleontologist. 
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CHAPTER V. THE OSTEOLOGY OF MOROPUS. 

The Head. 

(Plates XLVIII-LIII.) 

The Cranium. —While an abundance of material representing the limbs and 
feet of Moropus has been recovered, and the supply of vertebrae obtained from 
the quarries opened by the Carnegie Museum is not inconsiderable, crania in an 
absolutely perfect condition have not been found. The nearest approach to a 
perfect specimen is the fine cranium belonging to the mounted specimen of Moropus 
elatus, which was obtained by Mr. Peterson in the quarry on the west side of 
Carnegie Hill in the month of September, 1908, and which is catalogued as No. 
2103. The premaxillaries in this specimen are missing, and the top of the cranium, 
while preserving its contour, has been crushed downward upon the teeth. The 
line of weakness along which the crushing has taken place extends horizontally 
from a point near the posterior end of the zygomatic arch forward to the point of 
union of the premaxillaries with the maxillaries. A disarticulated and somewhat 
fragmentary cranium of an immature specimen of M. elatus was recovered in 1908 
and catalogued as No. 2104. A smaller specimen, representing Moropus petersoni 
Holland, was found in a more or less disarticulated condition and has been skill¬ 
fully restored by Mr. Peterson, enabling a comparative study of this cranium 
to be made. In addition to these two specimens a number of other portions of 
crania in a more or less fragmentary condition have been recovered. The speci¬ 
mens consist of fragments of the maxillaries with the teeth, in several cases quite 
well preserved, and dislocated parts of the occipital region. Prof. E. H. Barbour, 
as has been previously stated, secured the lower portion of a cranium of Moropus 
elatus with the premolar-molar series of teeth lacking the first premolar in a good 
state of preservation on both sides. Upon this he based a brief article published 
in the Reports of the Geological Survey of Nebraska, Vol. Ill, No. 2. The chief 
value of this specimen is derived from the fact that it enables a very thorough 
study of the palatal region of the skull to be made from above as well as below, 
in this respect offering some advantages which are not to be derived from the more 
complete specimen obtained by Mr. Peterson. Professor Barbour has given us 
an outline drawing of this specimen as well as some reproductions of photographs, 
which are not quite as distinct as might be desired. Through the kindness of 
Mr. Harold Cook, the writer has been allowed to study and describe the posterior 
portion of the upper surface of a cranium found by Mr. Cook, which belongs 
to Moropus petersoni. This is shown in Fig. 14. 
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While crania, owing to their fragile nature, have not been recovered in con¬ 
siderable numbers, mandibles were not uncommon in the quarries. The mandible 
of the mounted specimen No. 1604 was recovered in almost perfect condition, 
having only suffered slight distortion in the region of the symphysis, and in addition 
ten pairs of lower jaws in a more or less complete state of preservation and numer¬ 
ous single jaws, preserving the lower dentition in perfect order, were found. There 
is therefore no lack of material upon which to form an idea of the form of the 
lower jaw and of the accompanying dentition. 

As has been stated, the skull belonging to the restored skeleton was crushed 
downward. Before mounting the specimen the senior author resolved to effect a 
restoration. Careful measurements of the exposed anterior margins of the ascend¬ 
ing plate of the maxillary and the contiguous bones when they had been crushed 
down and buckled over each other permitted us to ascertain with approximate 
certainty the height of the nasals above the line of the teeth, and similar measure¬ 
ments made with great care enabled us to determine the distance of the occipital 
crest above the basi-sphenoid. Having determined in this manner the outline 
of the skull we set to work to make a restoration, the figure of which is given in 
Plate LIII. This restoration is believed to be approximately accurate, and repre¬ 
sents the general outline as it existed in an uncrushed state. 

The occipital condyles are trihedral in form with the outer surface above and 
below strongly convex, and the inner surfaces which form the lateral walls of the 
foramen magnum deeply excavated. They are sessile upon the paroccipitals and 
at their lower anterior margins project at an elevation of fully five millimeters 
beyond the plane of this lower surface of the foramen magnum, so that there 
appears between them a deep narrow sulcus, far more pronounced than is known 
to the writers in any other of the mammalia except the Rhinocerotidce and the 
Equidce, where a similar fissure occurs, though not so narrow and therefore rela¬ 
tively deep. On the posterior surface of the occipital bone there is a well-defined 
ridge, which reaches its greatest development at its junction with the lambdoid 
ridge, where it forms a conspicuous protuberance. On either side of the occipital 
ridge, which rises perpendicularly from above the middle of the foramen magnum, 
are two lateral ridges, which extend upward and outward, terminating on the 
lambdoid ridge at a point on either side about equidistant from the occipital 
protuberance and the junction of the squamosal with the occipital. The lambdoid 
suture appears on the upper surface of the skull and at the middle point lies well 
forward of the ridge which forms the upper posterior boundary of the cranium. 

The paroccipital processes are broad transversely, concave posteriorly at their 
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origin, and slightly bent forward at their extremities. They are wider, though not 
relatively as long as in the horse. The basioccipital as shown on the under surface 
of the skull is flatter transversely than is the case in the genera Equus and Rhinoceros, 
but reveals on either side two slightly elevated longitudinal ridges. In the rhi¬ 
noceros there is a sharp median longitudinal keel; in the horse there are lateral 
ridges which unite on the median line before the anterior extremity of the bone. 
The posterior extremity of the basioccipital reveals an accessory condylar facet 
similar to that in the horse, but not extending so far forward as in the genus Equus. 
The condylar foramen is quite large and located near the border of the accessory 
facet. 

The auditory bullae, so far as is known from the specimens obtained by the 
Carnegie Museum and the University of Nebraska, were greatly inflated and lie 
on either side of the basioccipital and the posterior extremity of the basisphenoid. 



Fig. 14. Superior view of posterior part of era- Fig. 15. Diagram showing different locations of an-, 
nium of M. petersoni (No. 133, Coll, of Harold J. terior margin of posterior nares. a, M. elatus; b, Nes- 
Cook). Xj. toritherium; c, Macrotherium. 

So far as can be determined the auditory bullae were ovate and did not have the 
form of a bent cylinder as is the case in Macrotherium ( cf . Filho'l, “Mammiferes 
Fossiles de Sansan,” Plate XLV, Fig. 4). 

The meatus auditorius externus is lodged in a bony tube the outer end of which 
is expanded and lies just in front of the mastoid, which is relatively small and not 
nearly as strongly developed as in the horse or the rhinoceros. The tube narrows 
rapidly and passes in front of the anterior internal angle of the paroccipital, com¬ 
municating with the bulla at its posterior external angle, immediately behind the 
well-developed pit formed for the reception of the tympano-hyal. Immediately 
in front of this tube is a deep sulcus between it and the postglenoid process. 
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The lower surface of the basisphenoid is rounded and clasped anteriorly on 
either side by the thin posterior plates of the vomer, which unite in the middle of 
the median fossa to form a thin knife-like crest. There is no suture visible between 
the basisphenoid and the presphenoid in the material before the writer, the two 
bones appearing to be, where exposed to view, thoroughly coossified. The pre¬ 
sphenoid is almost completely covered b} r the posterior prolongation of the vomer 
much as in the rhinoceros, but with this difference that the downward projecting 
ridge formed by the posterior part of the vomer where it envelops the presphenoid 
is sharp and not rounded as in the rhinoceros, in this respect resembling the con¬ 
ditions which are also found in the tapir. The pterygoid processes of the basi¬ 
sphenoid are well developed on either side of the posterior margin of the posterior 
nares, coossifying behind with the basal portion of the alisphenoid. The 
sphenoidal fissure is well developed and even more so than in the horse, the rhi¬ 
noceros, or the tapir. The foramen lacerum medium is bounded externally by a 
thin bony plate which is an anterior projection from the front wall of the auditory 
bulla, and which passes anteriorly into the posterior margin of the pteiygoid 
processes. This feature of the skull recalls what is found in the skull of the bison. 

The anterior limits of the palatine bones, like those in other Perissodactyla, 
lie opposite the anterior portion of M 2 , but the backward extension of the palatines 
is very unusual, the anterior border of the posterior nares being much further back 
of the cheek-teeth than in any recent forms, suggesting conditions found in some of 
the Uinta Titanotheres, e. g., Dolichorhinus fluminalis Riggs. Moropus differs in 
this respect from Macrotherium, where the anterior margin of the posterior nares 
(la route palatine ) on the median line is even with the anterior internal cusp of the 
last molar (cf. Filhol, “Mammiferes Fossiles de Sansan,” p. 295). In Nestori- 
therium this margin lies opposite the transverse valley of M 3 , and therefore in a 
position intermediate between those found in Macrotherium and Moropus (Fig. 15). 
In Phenacodus from the American Wasatch the posterior narial opening is further 
forward than in the present form, while in some extinct Artiodactyla ( Achccnodon, 
Promerycochcerus, Pronomotherium, etc.), the posterior nares are well back of the 
cheek-teeth, but in none of them as far back as in Moropus. The two palatines 
present posteriorly a U-shaped outline, the lateral sutures are very close to the 
alveolar border of the maxillaries, thence running backward, forming heavy proc¬ 
esses for the contact of the pterygoids. There are numerous small foramina 
distributed over the surfaces of the palatine plates. 

The parietal bones are long, and have a relatively smaller vertical diameter 
than in the recent rhinoceros or the horse, uniting anteriorly with the frontals 
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about opposite the glenoid cavity of the squamosals, then passing backward to 
the occipital plate. The supra-orbital ridges are light in M. elatus and M. petersoni 
and in their backward course come close together in the former, but not in the 
latter species. In M. elatus without uniting they form an inconspicuous sagittal 
crest, but again are divided by the triangular interparietal before they unite with 
the lambdoidal crest. On the posterior portion of the parietals are a number of 
foramina similar to those in other Ungulata ( Equus ), in fact this region of the 
cranium is quite suggestive of the horse, except in the lack of the emarginated 
area below the lambdoidal ridges beneath the inion. 

The squamosal furnishes a considerable portion of the lateral walls of the 
brain-case. Posteriorly and inferiorly the sutures are not very distinct in the 
material before us. However, the squamosals appear to form the base of the 
lambdoidal crests for about five and a half centimeters back of the external auditory 
meatus. The zygomatic process is quite heavy and does not extend forward as 
far as in the horse or the rhinoceros, in the former of which it enters into the lower 
posterior margin of the orbit. In this respect Moropus more nearly presents the 
condition found in the tapir. The postglenoid process suggests that of the horse, 
though proportionally much heavier and especially well developed in its transverse 
diameter, in this respect somewhat closely resembling the genus Phenacodus. 
In the tapir the postglenoid process lies obliquely to the long axis of the skull, 
while in Moropus it lies nearly at right-angles to the axis. In the rhinoceros 
(R. bicornis, and simus ) it is very prominent and elongated. The glenoid cavity of 
Moropus is a broad flat surface which gradually shades into the inferior border of 
the zygomatic arch without much indication of a well-defined anterior border 
of the articulating surface, such as is found in the horse, and other recent 
Perissodactyla. 

The frontal bone has a triangular outline with the sutures well indicated 
in the material before us. Anteriorly the sutures of the two bones together form a 
sinuous curve across the face, the median portions of the bones projecting the 
farthest forward, somewhat more so than in the recent horse. Laterally the 
superior border of the orbit is heavily developed, overhanging, and perforated by 
a large foramen somewhat similar to that occurring in the skull of the horse, as 
already mentioned by Peterson in an earlier publication , 17 the superciliary ridge 
being, however, much heavier than in the horse. There is a slightly developed 
postorbital process. The orbit is, however, open posteriorly, as in the rhinoceros 
and tapir, and as in these genera is located well forward in comparison with the 

17 Peterson, 0. A., Amer. Naturalist, Vol. XLI, 1907, pp. 737-738. 
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position of the eye of the horse. Supratemporal ridges only appear upon the 
posterior portion of the frontals a little before their union with the parietals. Over 
and back of the eyes the frontal bones show a broad convex area between which 
is located a shallow depression in the median line. The suture between the frontals 
and the parietals lies at right angles to the axis of the skull, much as in the horse 
and the rhinoceros. 

The nasals are of considerable size, especially behind, where they form a 
broad surface across the lower portion of the face. The greatest posterior extent 
of the curved fronto-nasal suture is opposite the anterior margin of the orbits, 
while laterally the nasals are suddenly bent downward as in the horse, thus furnish¬ 
ing a considerable portion of the side of the muzzle and also forming a long sutural 
contact with the maxillaries and the lachrymal bones. The anterior portions 
of the nasals were broken off when the specimen (No. 2103) was found, but it is 
evident from what remains that the external margins of the nasals at their ex¬ 
tremities were, so to speak, bifid, i. e., there was a lateral external process developed 
posterior to the anterior extremity of the nasals, plainly indicated in No. 2103. 
This feature is well shown in the figure of the skull of Moropus published by Osborn, 
Bull. Am. Mus. Nat. Hist., Vol. XXXII, p. 263 (1913). The general features of 
the skull in this region, i. e., the long slope of the narial border of the maxillaries, 
and the slope of the nasals themselves indicate that the bones were not of very 
great length. In the model of the skull they are terminated approximately as 
in the horse (see Plates LIII and LXXIII). 

The lachrymal occupies a considerable portion of the side of the face; in size 
and shape it quite closely suggests that of the horse and the rhinoceros. Interiorly 
it is bounded by the jugal, anteriorly by the maxilla, and superiorly by the nasals 
and frontals. The bone undoubtedly enters into the composition of the anterior 
border of the orbit, but in the crushed condition of the skull (No. 2103) it is not 
possible to exactly define to what extent this is the case. In the model from this 
skull its outline is approximately given (see Plate LIII). The size and position 
of the lachrymal foramen is not ascertainable from the material before us. 

The jugal takes up about the same proportion of the face as in the horse, but 
it is much closer to the alveolar border interiorly. Its zygomatic process, though 
comparatively light, is heavier, and there is, as in the tapir, a slight postorbital 
process which is not reached by the process of the squamosal, as in the rhinoceros. 
Anteriorly there is a slightly convex area in front and below the orbit, but the 
masseteric ridge of the jugal does not continue forward on the maxillary bone as 
in the horse. Its orbital border is smooth, transversely thick, and gently rounded. 
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The maxillary is of large size and in general outline closely suggests the same 
bone in the genus Equus. As in the latter the ascending process furnishes the 
greater portion of the side of the muzzle and is joined superiorly by the lachrymal 
and the nasal, as stated above. The infra-orbital foramen is of considerable size, 
larger than in Equus, though not as large as in Rhinoceros and Tapirus, and is 
located over the anterior portion of M 2 . The size of this foramen indicates a more 
liberal exit for and perhaps a greater supply of blood to the upper labial muscles 
than in the horse. The upper portion of the narial border is rather thin; it does 
not indicate any sutural contact with the premaxillary, and the border as a whole 
indicates a more gradual slope than it does in a younger specimen previously de¬ 
scribed. 18 The anterior ends of both maxillaries are broken off; the right a short 
distance in advance of the cheek-teeth. There is a diastema of considerable 
length between the cheek-teeth and the maxillo-premaxillary suture, judging 
from the correspondingly long diastema of the lower jaw. The alveolar border is 
quite long and is occupied by a set of powerful teeth. Back of M 3 there is an 
unusually long and heavy extension of the alveolar border quite unusual in the 
Perissodactyla. These processes of the maxillaries which project backward, furnish 
much lateral contact for the palatine plates, the extraordinary posterior develop¬ 
ment of which has already been pointed out. Externally the maxillary presents 
an even and gently convex surface over the cheek-teeth both supero-inferiorly 
and in the antero-posterior direction, there being, as stated above, no perceptible 
masseter crest as in the horse. The palatine plates have the same degree of trans¬ 
verse concavity as in the horse, and in the present genus they furnish approximately 
one-half of the palate between the cheek-teeth. Beyond the molar-premolar series 
the maxillaries are wanting in our specimen. 

The premaxillary of Moropus, as stated by Peterson (l. c., p. 740), is not known. 
However, judging from the long slender symphysis of the lower jaw, these bones 
were undoubtedly of considerable extent. They may have been edentulous, 
though, as pointed out by Peterson, the “lower jaws of adult specimens with 
incisors in place always show wear on the median pair, while the lateral teeth are 
almost entirely unworn” (l. c., p. 740, foot-note). When making the restoration 
represented on Plate LIII two small median incisors were inserted by the senior 
author, who modelled the skull. They may or may not have existed in nature, 
but the constant wear at right angles to the axis of the procumbent lower incisors 
seems to suggest that they must have met with some opposition, which it seems 
most reasonable to suppose to have been that of teeth located in the upper jaw. 

The genus Macrotherium had a relatively shorter skull. In this genus, 

18 Peterson, 0. A., Amer. Naturalist, Vol. XLI, p. 740. 
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moreover, the different processes are heavier than in Moropus. The postglenoid 
process in Macrotherium is more rounded, while in Moropus it possesses a greater 
transverse and a less antero-posterior diameter. The tympanic bulla in Macro¬ 
therium is larger, different in shape (curved semi-ejdindrical), and differently located 
in relation to the median axis of the skull; the paroccipital process also is rela¬ 
tively heavier and shorter, the occiput higher, and the sagittal crest more promi¬ 
nently developed in the latter genus. The skull which is the type of Nestoritherium 
has been crushed almost in the same manner as the skull of Moropus elatus, which 
has been described, but the two skulls show striking similarities in the breadth of 
the frontals over the orbits, their contours above, the shape and length of the 
nasals, maxillaries, and palatines. The posterior nares, however, extend further 
forward in Nestoritherium than in Moropus. 

Measurements 19 of the Cranium of Moropus elatus (No. 2103, Catalog Yert. Foss., Carnegie Museum). 


cm. 

Diameter from the occipital crest to and including P 2 . 52 

Diameter from the occipital condyle to and including P 2 . 49 

Diameter from the occipital condyle to M 3 . 28 

Diameter from the occipital condyle to anterior margin of orbit. 30 

Transverse diameter of palate at P 2 . 6 

Transverse diameter of palate at INI 3 . 8 

Greatest expansion of the zygomatic arches. 27 

Transverse diameter at base of postglenoid processes. 19 

Transverse diameter at paroccipital processes. 13 

Transverse diameter of occipital condyles. 10 

Vertical diameter of occipital condyles. 5 

Transverse diameter of frontal over the orbits. 26 

Transverse diameter of occiput. 13 

The Mandible. 

(Plate LIT.) 


In general outline the lower jaw of Moropus suggests that of Equus, but an 
examination of the details of structure shows marked differences between the two 
genera. The diastema between the incisors and cheek-teeth is long, as in the 
horse, and the alveolar border for the incisors is elevated to about the same degree, 
so that the incisor teeth are in a similar procumbent position; the external face 
of the horizontal ramus is, however, slightly more convex, though not nearly so 
much so, as in the tapir. The inferior border again forms a straight line as in 
Equus, but the angle has not the downward projection, nor is its lower border so 
heavy, or everted, as in the fully adult horse. Thus the inferior and posterior 

19 These measurements are taken from the skull in its crushed condition and some may be somewhat 
greater than they would otherwise be. 
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borders of the lower jaw form a more nearly perfect right angle in Moropus. Back 
of the incisors the long and rather delicate ramus of the lower jaw is much 
constricted laterally as in the horse. The mental foramen is also sometimes 



Fig. 16. Mandible of M. petersoni (?) (No. 1758). 1, external view; 2, superior view. Xi. 


located immediately back of the greatest constriction, as in Equus. The position 
of this foramen is, however, variable in Moropus, and there are generally two and 
sometimes three foramina distributed on the external and lower faces of the con¬ 
stricted area of the ramus. The alveolar border is suddenly raised above the 
diastema, in this respect differing from the horse in which the border of the dia¬ 
stema rises more gradually. Along the external margin of the alveolar border of 
the lower jaws of specimen No. 1604 there is a prominent ridge, which is generally 
less developed in younger individuals. The internal face of the horizontal ramus 
is slightly more convex than in the horse and more nearly like that of the tapir. 
As in the horse, there is a liberal space on the alveolar border between M 3 and the 
base of the coronoid process, but Moropus differs in having this portion of the 
ascending ramus much heavier, and also in having a much larger, more rugose, 
and deeper anterior fissure for muscular attachments; in consequence the external 
and internal margins at the base of the coronoid process are much heavier than 
in the recent horse, and the external margin flares outwardly as it does not in the 
horse. 
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The external face of the ascending ramus has not the rugose surface and 
everted sharp lower margin of the angle supporting the masseter muscle seen in 
Equus; on the other hand, the temporal fossa is deeper and fully as large. The 
coronoid process is of considerably greater antero-posterior diameter than in the 
horse, projecting backward to about the same extent, but terminates in a trihedral 
point. The sigmoid notch has nearly the same proportions as in Equus, while the 
region of the condyle is heavier. The articulating surface of the condyle itself is 
quite flat in order to conform to the glenoid cavity of the skull already described. 
Immediately below the condyle on the inner side is a deep groove for the protection 
of the blood-vessels. There is a tubercle on the lower border of this groove as in 
the horse, but more strongly developed than in the latter animal. The pterygoid 
fossa is deeply excavated and its rugose surface provides abundantly for the attach¬ 
ment of the muscles. The dental foramen is of large size, in order to provide 
sufficient nourishment for the heavy dentition of the inferior maxillary. 

The lower jaw of Nestoritherium reveals a strong general resemblance in its 
configuration and proportions to that of Moropus, but in Nestoritherium, and to a 
less extent also in Macrotherium there is a tendency to a thickening of the lower 
margin of the mandible. The outer and inner margins of the ramus in Moropus 
are evenly curved from above downward, whereas in the European genera 
there is externally a lateral ridge extending nearly the whole length of the 
ramus, and internally a corresponding shallow fossa, no trace of either of which 
is found in the numerous lower jaws of Moropus before us. The mandible in 
Macrotherium is proportionally shorter and more robust than in the American 
genus, the muzzle of which was undoubtedly longer and more pointed. In Circo- 
therium the mandible is shorter still, without incisors, and the diastema between 
the premolars and the canine much shorter than the diastema between the pre¬ 
molars and the incisors in Moropus. 

Measurements of Mandible. 

No. 1G04 No. 175S 

(clatas), ( petersoni ), 

mm. mm. 


Total length of the lower jaw, incisors included. 500 434 

Length of mandibular symphysis. 103 88 

Diameter from angle of jaw to and including P 2 . 385 334 

Diameter from angle of jaw to and including M 3 . 185 159 

Depth of ramus at diastema. 30 2S 

Depth of ramus at P 2 . 60 58 

Depth of ramus at M 3 . 80 68 

Depth of ramus at coronoid process. 230 197 

Depth of ramus at condyle. 180 138 
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The Dentition. 

(Plates XLVIII-LIII.) 

The Superior Dentition. 

(Plates XLVIII, XLIX, and LI.) 

The absence or presence of superior incisors in Moropus cannot now be defi¬ 
nitely determined. The premaxillary bone has not been found in any specimens 
thus far recovered, and we have yet to learn whether the wear of the median lower 
incisors is caused by meeting a median upper pair, as represented oh the model 
(see Plate LIII), or whether this abrasion is caused in some other way. There is 
no superior canine, as shown by skull No. 1707. The long edentulous premaxillary¬ 
maxillary border is succeeded by a series of large teeth covered with thick enamel 
and implanted in the jaw by long powerful roots. The archaic Perissodactyl type 
and structure of these cheek-teeth is recognized, and it is with Palceosyops and 
Titanotherium that they have generally been compared. The structure and modi¬ 
fication, especially of the premolars, is, however, quite different from that of the 
latter genera and merely indicates a parallelism. P 1 is absent, as is also the case 
in the known European and Asiatic forms. P 2 is triangular in general outline, the 
proto- and tritocones have united to form a solid ectoloph in the formation of 
which the protocone plays the most prominent part, forming the apex of the 
external wall without dividing this portion of the crown by a transverse valley as 
seen in Titanotherium and many other Perissodactyls. On the antero-internal 
angle the cingulum has developed into a protoloph of considerable functional 
importance, which in earlier European forms, e. g., Schizotherium priscum, appears 
to be wanting so far as is known. This is also true of Chalicotherium goldfussi. 
The metacone is much more developed, and, on further wear, is connected with 
the ectoloph as a broad functional metaloph, somewhat as seen in the Rhinocerotidce, 
including the median cross-valley which separates proto- and metalophs. The 
metaloph is surrounded by a heavy cingulum, which continues forward to form 
the protoloph already described. The latter appears to have a varied development 
in different individuals. Externally the tooth has little or no cingulum. P 3 differs 
from tKe preceding tooth (1) by being more quadrate in general outline, (2) by 
having one instead of two tubercles. As in the tooth previously described, the 
ectoloph presents a broad transverse surface on the grinding face. The ectoloph 
is separated from the internal cone (deuterocone) by a wide longitudinal valley 
and a deep pit. The deuterocone itself is very prominent and sometimes has 
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well-defined ridges of enamel extending from the base of the tubercle to the apex. 
There is a well-developed cingulum which is visible near the antero-external angle 
of the ectoloph and continues to the internal face of the deuterocone, where it 
sends a heavy fold to very nearly the apex, thence continuing again to the postero¬ 
external angle of the ectoloph. Externally the cingulum is not nearly as promi¬ 
nently developed. P 4 is slightly larger than the preceding tooth, while the structure 
is otherwise very similar. The antero-external angle of the ectoloph is generally 
more developed in the last premolar, and there is usually also found a more promi¬ 
nently developed ridge of enamel from the apex of the protocone some distance 
up on the external face of the tooth. The deuterocone and the cingulum are 
developed in the same proportion as in the preceding tooth. The cheek-teeth 
gradually increase in size toward the back of the jaw. The premolar series takes 
up less than one-half of the space which is occupied by the molars, thus differing 
entirely from conditions found in the Perissodactyla in general, where the length 
of the premolar and molar series is more nearly subequal. In the European 
Schizotherium priscum from the phosphorites of Quercy (Oligocene) the premolars 
occupy relatively a greater space. 

M 1 is much enlarged, more especially in the antero-posterior direction. The 
general configuration of the crowns is as suddenly changed from that of the pre¬ 
molars as is the size. The external face of the ectoloph suddenly takes on the 
W-shaped form so characteristic of the molars of the Titanotherndce with which 
those of the Clialicotheriidce have often been compared. The metacone is a large 
bunodont tubercle with an external exit of the cross-valley in front and back of it. 
The anterior face has a very prominent and rather smoothly rounded cingulum, 
which continues inwards and backwards and terminates at the exit of the anterior 
cross-valley. The posterior cross-crest is divided into an outer and inner lobe 
separated by a postfossette. On M 1 this fossette is generally very soon obliterated 
by wear, the crest being often entirely bisected so as to form a valley between the 
ectoloph and the hypocone. At the posterior base of the metacone there is usually 
a smoothly rounded cingulum extending downward toward the exit of the posterior 
cross-vallev. Posteriori}' the cingulum forms a shelf at the exit of the postfossette, 
while at the base of the ectoloph there is a light cingulum. M 2 is one-fifth longer 
than the tooth just described. The fold of the ectoloph is more conspicuous, 
the postfossette is deeper, the posterior face more backwardly extended, and the 
ledge-like cingulum broader than on M 1 ; otherwise there are little or no differences 
in the general construction of the two teeth. M 3 is only very slightly longer than 
the preceding tooth, but otherwise there is little or no difference in the configuration 
of the crowns. 
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Measurements of Superior Dentition. 


Length of premolar-molar series 
P 2 antero-posterior diameter. . . 

P 2 transverse diameter. 

P 3 antero-posterior diameter. . . 

P 3 transverse diameter. 

P 4 antero-posterior diameter. . . 

P 4 transverse diameter. 

M 1 antero-posterior diameter... 

M 1 transverse diameter. 

M 2 antero-posterior diameter... 

M 2 transverse diameter. 

M 3 antero-posterior diameter... 
M 3 transverse diameter. 


No. 2103 No. 10030 Y.M 

(Moropus elatus), ( M. oregonensis type)., 


mm. 

mm. 

218 


22 

. . 

20 


24 

17 

29 

20 

26 

18 

30 

23 

43 

.. 

34 

23 

56 

.. 

41. 


59 

37 

42 

33 


In comparing the measurements of Moropus with Macrotherium it is at once 
observed that the latter has much shorter and broader molar teeth. This also 
appears to be true of Chalicotherium goldfussi and of the Asiatic species, so far as 
the limited material permits of comparison. On the other hand it is of interest 
to note that in Schizotherium priscum and Nestoritherium pentelici the molars are 
longer than wide, in this respect more nearly approaching the American type. 

In Macrotherium grande the premolars show less complication in the details of 
structure, especially P 2 , the first in the series. It has the outline of the crown less 
triangular than in Moropus. Internally it is also somewhat less developed, forming 
an oblique longitudinal valley between the ectoloph and internal tubercle, instead 
of a basin as in the American species. 

The anterior external angle of the molars in Macrotherium is not developed 
as much as in Moropus, so that the tooth in the former genus is more quadrate in 
outline than in the latter; the molars are decidedly shorter, and the median fossa, 
which separates the anterior and posterior inner tubercles, is directed more ob¬ 
liquely inward and backward. Nevertheless the general configuration of the 
crowns is on the whole quite similar in the two forms. 

The Inferior Dentition. 

(Plate LII.) 

Moropus elatus has three incisors on either side, which are somewhat like those 
in Equus. The lateral expansion of the crowns is, however, much less than in the 
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recent horse, the roots are less curved, and the crowns generally have received 
little wear, except in the case of old individuals in which the median pair, and 
sometimes the second pair, have received wear at the points of the crowns, which 
may indicate that there were upper incisors. The incisor series has a procumbent 
position not unlike that in the recent horse, though the transverse diameter of 
the symphysis is considerably less than in Equus. There is no canine in Moropus, 
nor in Nestoritlierium, so far as known; but in Macrotherium and in Circotherium 
there is a well-developed canine, in the former genus located close to the incisor series, 
in the latter genus rising prominently at the posterior edge of the edentulous incisive 
alveolar border and separated from the premolars by a moderately long diastema. 
In Moropus there is a long diastema back of the incisors, which is succeeded by 
a series of well-developed cheek-teeth corresponding to the large upper teeth. 
The lower cheek-teeth are on the whole more nearly like those in Titanotherium than 
are the upper. Pi is absent. P 2 is quite simple and much reduced, while P 3 has the 
typical molariform pattern observed in P 2 of Titanotherium. In the lower jaws which 
belong with the cranium associated with No. 1604 the dentition is very much worn, 
especially the premolars, so that the detailed structure of the crowns is less distinct, 
but other specimens are more perfect in this respect. P 4 is much increased in the 
antero-posterior direction and has the complete W-shaped character of the crown, 
the postero-internal angle being especially well developed. Externally the cingulum 
is well developed, while internally the tooth is nearly smooth; this is also true of P 3 . 

Mi of specimen No. 1604 is very much worn; its antero-posterior diameter is 
considerably greater than that on P 4 ; the crowns of the two teeth are otherwise 
quite similar, except that on Mi the hypoconid is more developed; while the cingu¬ 
lum is less prominent. M 2 is longer, but is otherwise of the same general pattern 
as the tooth preceding it; the cingulum, however, is more prominently developed 
on the external and posterior faces of this tooth. M 3 lacks the third lobe which 
is of the usual pattern seen in the European and Asiatic species of this family. 
Externally and posteriorly the cingulum is well-developed, while internally the 
tooth is more or less smooth. 

Measurements of Moropus elatus (Car. Mus. Cat. Vert. Foss. No. 1604). 

Mm. 


Length of premolar-molar series. 202 

Antero-posterior diameter of crown of h . 9 

Transverse diameter of crown of Ii. 11 

Transverse (greatest) diameter of crown of I 2 . 12 

Transverse (greatest) diameter of crown of I 3 . 9 

Antero-posterior diameter of P 2 . 19 
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Transverse diameter of P 2 . 12 

Antero-posterior diameter of P 3 . 25 

Transverse diameter of P 3 . 16 

Antero-posterior diameter of P 4 . 28 

Transverse diameter of P 4 . 20 

Antero-posterior diameter of Mi. 36 

Transverse diameter of Mi. 24 

Antero-posterior diameter of M 2 . 47 

Transverse diameter of M 2 . 27 

Antero-posterior diameter of M 3 . 53 

Transverse diameter of M 3 . 29 


The Deciduous Dentition. 

(Plate LI.) 

M. peter soni Holland (No. 1707). 

A number of individuals in the collection represent the deciduous dentitions 
in different stages of development. The greater portion of a cranium, No. 1707, 20 
has the milk-teeth perhaps most completely preserved. D 2 has a much greater 
antero-posterior and less transverse diameter than the permanent tooth. This is 
chiefly due to the prominent protostyle, which forms a sharp crest on the antero- 
external angle uniting with the protocone, thus presenting a long ectoloph. In¬ 
ternally there are two tubercles, the posterior the more prominent and separated 



20 This cranium was described 0. A. Peterson in the Amer. Naturalist, Yol. XLI, 1907, pp. 733-752. 
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from the ectoloph by a valley, while the one anterior adheres quite closely to the 
internal face of the protocone, thus forming an inwardly slanting cross-crest. 
Posteriorly and internally the tooth is surrounded by a heavy cingulum, while 
externally it is lighter. D 3 and D‘ increase progressively in size, and are, as stated 
by Peterson (l. c., p. 742), more nearly molariform than are the permanent series, 
which may be observed in the illustrations (see PI. LI, and Fig. 17). In the speci¬ 
men (No. 1707) the germ of P 2 is not nearly as far advanced in development as 
those of P 3 and P 4 , as has been plainly brought to light by an excavation which 
has been made close to the alveolar border. 

The inferior milk-incisors are not present in the material at hand, but they 
were most likely there on either side. D> has a rather long narrow crown, so that 
in an unworn state the tooth presents a somewhat trenchant crown. D 3 is twice 
as long as the preceding tooth and is completely molariform in every respect. 
D 4 is very little longer than the preceding tooth, but has a greater transverse 
diameter; there is otherwise little or no difference between the two teeth. The 
cingulum is only very slightly developed on the antero-external angle of D 3 and 
D 4 and on the posterior face of D 4 . Internally the teeth are generally quite smooth. 

The Vertebral Column of Moropus. 

There are seven cervicals, fifteen dorsals, six lumbars, and four sacrals in the 
vertebral column of Moropus. The number of caudals is not known. Judging 
from the size and^shape of the sacrals and the distance to be covered by the caudal 
series in order to form only a very short tail, there must have been at least twelve 
caudals. Unfortunately no caudals which can be positively referred to the speci¬ 
mens in our possession have been found. The tail which has been affixed to the 
mounted specimen is a work of fiction, and while quite probably approximating 
the facts of nature, must not be accepted by students as anything more than a 
scientific surmise. 

The cervicals of M. elatus are relatively very massive; those of M. petersoni 
much less so. The centra of the axis and the three succeeding vertebrae are lateral^ 
deeply excavated and their support comes from a narrow and vertically deep 
keel-like ridge on the lower side. The sixth is veiy broad below, with a great 
expansion of the lateral processes. The seventh is relatively short, and reveals an 
abrupt transition from its predecessors in order to accommodate itself to the dorsal 
series immediately following it. One of the most noticeable features of the cervical 
series is the fact that, with the exception of the atlas, they all have the posterior 
articular surface of the centrum produced below so as to form a cup-like depression, 
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which looks more nearly upward and not backward to the same degree as in most 
mammals. An approximation to this feature is to be found in the cervicals of the 
horse and the tapir, but, so far as our observations extend, is not to be observed in 
so great a degree in any other of the recent mammals. The spine of the axis is very 
massive. The spines of the third, fourth, and fifth cervicals are also massive, 
low, but gradually increasing in height, that of the sixth cervical being a little 
higher than that of the fifth, while the spine of the seventh suddenly increases in 
height, and is sharply attenuated at its extremity. 

The spines of the anterior dorsals rapidly increase in height to the fourth, and 
then as rapidly decline in height until the eighth is reached. The spines of the 
dorsals from the ninth to the fifteenth are uniform in height. All of the spines 
of the dorsals rake backward, more so in M. peter soni than in M. elatus. The 
spines of the lumbars slowly increase in height from the first to the fourth and 
then grow shorter as the sacral series is approached. The spines of the sacrals 
rapidly diminish in height backward. The spines of the lumbars are nearly 
perpendicular, those of the sacral series have a backward rake. 

The transverse processes of the first dorsal are massive and tubercular. A 
rapid diminution in the size of the latter processes takes place in the second and 
third dorsals, after which the transverse processes of the succeeding vertebrae 
maintain nearly the same size, gradually showing a tendency to divide into two 
tubercles, which division finally becomes pronounced in the last three dorsals, 
and reaches its highest development in the lumbars, in which the transverse proc¬ 
esses become broad, long, and attenuated horizontal projections steadily increasing 
in length to the sacrum. The upper process, or metapophysis, in the lumbars bears 
the prezygapophysial face for articulation with the preceding vertebra. 

A single caudal, which cannot be referred to the genera Diceratherium, Dino- 
hyus, Stenomylus, the carnivora, or other animals, remains of which were found 
in the same quarry with the remains of Moropus, has been provisionally accepted 
as representing the type of the anterior caudal vertebrae in Moropus. 

The Cervical Vertebrae. 

The cervical vertebrae of M. elatus (No. 1604), seven in number, were all 
recovered near to each other, and fit so exactly, being in no wise crushed or dis¬ 
torted, as to make it quite an easy task to assemble them. They plainly belonged 
to the same individual. 

Cervical vertebrae belonging to other individuals were also recovered, though 
not always in as perfect condition, or in as complete a series, as those just men- 
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tioned. They belong to smaller and in some eases evidently immature individuals. 
These cervicals for purposes of study and comparison have been arranged in series, 
and although it is not absolutely certain in all cases that in this arrangement the 
vertebrae belong to the same individual, the arrangement is nevertheless useful for 
purposes of investigation and description. The series thus formed may be enumer¬ 
ated as follows: 

Catalog No. 1703A (M. petersoni Holland). 

This series consists of an atlas, axis, and the third, fifth, sixth, and seventh 
cervicals. They are all in remarkably good condition, having sustained very 
little crushing and breakage. The spine of the fifth cervical is missing, and there 
are a few very minor injuries, which have been sustained at the outer extremities 
of some of the lateral processes. It may be said in passing that this series of 
cervicals has been associated with a series of dorsals and lumbars bearing the 
catalog number 1703 B and C. The size, texture, and color of the bones in these 
cervicals, dorsals, and lumbars conspire to suggest that they all belong to one 
individual. 

Catalog No. 1713. 

The cervicals grouped under this catalog number consist of the atlas, the axis, 
and the last three cervicals. The atlas and axis are in a good state of preservation. 
The posterior cervicals are in a more or less fragmentary condition; they evidently 
belonged to a large, but somewhat immature, individual, as the epiphyses of the 
axis and of the vertebrae associated therewith are lost. It is to be observed that 
associated with this cervical series, under the same catalog number, are numerous 
dorsals and lumbars which it is highly probable belonged to the same individual. 

Catalog No. 1720. 

Under this number are placed an atlas, axis, and the fifth, sixth, and seventh 
cervicals. The atlas has been somewhat injured on its upper surface, the neural 
arch having been destroyed. The remaining vertebrae have lost the posterior 
epiphyses and have sustained other minor injuries. The specimens are relatively 
quite small in size, and evidently belonged to an immature individual. 

Catalog No. 1721. 

This series consists of a very well preserved atlas, and the seventh dorsab 
together with fragments which probably represent the fifth and sixth cervicals. 
These specimens, like the foregoing, belonged to a small individual, evidently quite 
immature, inasmuch as both the anterior and the posterior epiphyses of the centra 
have been lost. 
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Catalog No. 1722. 

This consists of a small and quite perfect atlas, and the third, fourth, and 
seventh cervicals. The bones belonged to a small and very immature individual, 
and with the exception of the atlas, are not in very good condition, having been 
somewhat broken. 

Catalog No. 1722A. 

This consists of the fourth, fifth, and seventh cervicals of a quite small and 
immature individual. All the bones are in a somewhat fragmentary condition. 

Catalog No. 1723. 

The series placed under this number consists of the third, fourth, and fifth 
cervicals, a fragment of the sixth (?), and a seventh cervical. The latter is in 
comparatively good condition, as is also the fifth. The other members of the 
series are more or less fragmentary. The specimens represent an individual of 
small size, retaining the posterior and anterior epiphyses, thus indicating a 
maturer development than in the two preceding series, w r hich have been mentioned. 

Catalog No. 1724. 

The specimens assembled under this number consist of a very well preserved 
atlas, an axis, and the third, fourth, and fifth cervicals in a more or less broken 
condition. The specimen to which these bones belonged was apparently some¬ 
what smaller in size than the specimen accessed as No. 1723, and the posterior 
epiphyses of the centra have all slipped. 

Catalog No. 1725A. 

This series consists of an axis, together with the fourth, fifth, and sixth cervicals. 
The axis is in fairly good condition. The other vertebra: have sustained extensive 
injuries through breakage. The bones represent an individual of medium size. 

Catalog No. 1726. 

This consists of a single atlas of quite small size, but in perfect condition. 

Catalog No. 1727. 

Under this number has been placed a large and beautifully preserved atlas. 

Catalog No. 1728. 

Under this number there has been cataloged a medium-sized, but singularly 
perfect atlas. 
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Catalog No. 1729. 

Under this number has been cataloged an atlas intermediate in size between 
Nos. 1727 and 1728. 

The cervicals in their relative size, in the possession of a deep inferior keel¬ 
like projection, and in their manner of articulation are decidedly equine in appear¬ 
ance, though the inferior keel is in most specimens relatively much deeper verti¬ 
cally than in the horse, and posteriori}' widened laterally, giving the posterior 
extremity of the keel a triangular form which is not seen in the horse. The pos¬ 
terior articular surfaces of the centra of the cervical vertebrae from the seGond to 
the sixth look upward far more strongly than is the case in the horse, or for that 
matter in any other mammal with which the writers are acquainted. The method 
of articulation displayed by the cervical vertebrae shows that the animal was able 
easily to reach the ground with his incisors while in a standing position. 

The Atlas. 

Eleven specimens of the atlas of Moropus were recovered, all of them differing 
in size and some of them being better preserved than 
others. The largest specimen, No. 1604, belonging to the 
mounted skeleton (see Figs. 18-20) has an extreme width, 
measured over the transverse processes, of twenty centi¬ 
meters. The smallest specimen, No. 1726, has an actual 
width of approximately eleven and a half centimeters, but, 

Fig. is. Lateral view of atlas ag r jg]^ transverse process is broken, the true meas- 
of Moropus elatus (No. 1004). , . ... , , ,, , , ' . , r ,. 

urement m life was not less than twelve and a hall centi- 
meters. It evidently belonged to an immature individual. 

A comparison of the various specimens shows considerable variation in the 
relative width of the upper anterior marginal sinus between the condylar articular 
surfaces. In specimens Nos. 1604, 1728, and 1726, selected for detailed measure¬ 
ments, this sinus is in each case of nearly the same width, but in specimen 1721, 
which is undoubtedly the atlas of a very immature animal, the sinus is thirty-seven 
millimeters wide, while in most of the other specimens not enumerated here it is 
only about twenty-five millimeters in width. 

The anterior articulating surfaces are widely separated above, but more 
closely approximate each other below, being separated by a notch, which in one 
specimen, No. 1724, is produced downward as a deep narrow cleft. Only vestiges 
of this deep cleft appear in specimens Nos. 1713, 1722, 1727, and 1728, while in 
all others it is wholly obliterated, being solidly filled in with bone. The vertical 
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diameter of each condylar articular surface is greater than its transverse diameter, 
and they become narrower below. They are vertically and horizontally very deeply 
concave, forming a cup-like cavity for the reception of the condyles. 

The posterior articulating surfaces are in all the smaller specimens subrotund, 
but in the larger specimens, owing to the increasing width of the atlas, without a 



Fig. 19. Superior view in outline of atlas of Mo - 
ropns elatus Marsh. X|. (C. M. Cat. No. 1604.) 



Fig. 20. Inferior view in outline of atlas of Mo~ 
ropus elatus Marsh. X J. (C. M. Cat. No. 1604.) 


corresponding relative increase in the vertical diameter, these surfaces tend to 
become more or less oval in outline. They are convex horizontally and vertically 
and look inwardly. 

The articulating surface for the odontoid process of the axis is somewhat 
triangular in outline, with its external boundaries poorly defined in all specimens. 
The margins of all the other articulating surfaces both before and behind are well 
defined. 

The transverse processes of the atlas are broad and wing-like. Their outer 
margins in the smaller and younger specimens are thin, but in the larger and older 
specimens the margins become thickened at their anterior and posterior extremities. 



Fig. 21. Superior view of atlas of M . 
petersoni (No. 1703A). X£. 



Fig. 22. Diagram representing contour of 
neural canal of axis of Moropus elatus in horizon¬ 
tal section. 


On the median line on the upper side of the superior arch there is in all speci¬ 
mens a slightly raised bony ridge, representing the dorsal spine. This is most 
conspicuous in specimens Nos. 1724, 1728, and 1729. 
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Exit for the first pair of spinal nerves is furnished by the large foramen located 
above on either side just behind the point where the inner margin of the condylar 
surface joins the superior arch. This foramen is succeeded externally by a deep 
groove, which passes forward and downward through the notch between the anterior 
lip-like projection of the anterior articulating surface and the anterior prolongation 
of the lateral process, and then may in some specimens be traced backward on the 
under surface of the transverse process to the deep fossa which lies on either side 
before the opening of the vertebrarterial canal. 

The vertebrarterial canal passes through the posterior half of the transverse 
process along the line of union with the body of the bone, emerging behind at the 
point where the posterior articulating portion of the atlas forms a notch with the 



Fig. 23. Atlas of Moropus elatus Marsh (C. M. Cat. No. 1604). X h 1. Posterior view. 2. Anterior view. 

3. Superior view. 4. Inferior view. 

posterior extremity of the transverse process. This arrangement of the foramen 
transversarium, so far as the writer has been able to ascertain, differs from that 
found in many recent mammalia, where the vertebrarterial canal is represented in 
the atlas by a foramen piercing the alae about the middle, but is precisely that which 
occurs in the case of the Felidae, the Tapiridae, and Camelidae, and in Entelodon, 
Trigonias, Dinoceras, and the Titanotheres among extinct forms. In almost all 
specimens there appears on either side below the transverse process and midway' 
between the anterior notch and the anterior opening of the vertebrarterial canal a 
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nutrient foramen of considerable size leading upward into the body of the superior 
arch. 

The neural canal of the atlas is narrower behind than in front and is expanded 
internally at the middle on either side. In specimen No. 1604 the transverse 
diameter between the condylar articular surfaces is fifty-three millimeters; the 
transverse diameter between the lateral faces for the axis is forty-three millimeters; 
while the transverse diameter within and midway between the anterior and the 
posterior openings is seventy millimeters. The diagram reproduced in Fig. 22 
represents the contour of the neural canal at its middle as shown by a horizontal 
section. 

Measurements of the Atlas. 21 


No. 1604 

No. 1728 

No. 1726 

(mounted specimen, 

(medium sized, 

(immature, sex 


<?). 

adult? 9), 

undeterm.) 


mm. 

mm. 

mm. 

Greatest transverse diameter. 

200 

146 

125 

Greatest vertical diameter. 

88 

77 

55 

Transverse diameter of the neural canal behind. 

43 

39 

38 

Vertical diameter of the neural canal behind. 

57 

49 

38 

Antero-posterior diameter of the superior arch. 

65 

52 

36 

Vertical diameter of superior arch at the middle. 

15 

9 

9 

Antero-posterior diameter of inferior arch. 

51 

40 

30 

Vertical diameter of inferior arch at the middle. 

24 

21 

11 

Vertical diameter of faces for occipital condyles at middle. 

50 

40 

37 

Horizontal diameter of faces for occipital condyles at middle. 

Vertical diameter of faces for the occipital condyles where 

50 

39 

34 

they approximate each other. 

28 

15 

9 

Distance between faces for occipital condyles above. 

33 

32 

31 

Distance between faces for occipital condyles below. 

11 

10 

6 

Diameter of face for odontoid process. 

22 

15 

12 

Vertical diameter of lateral faces for axis at middle. 

42 

37 

36 

Horizontal diameter of lateral faces for axis at middle. 

66 

51 

36 

Distance between outer margins of lateral faces for axis. 

120 

95 

89 

Vertical diameter of foramen for first spinal nerve. 

9 

5 

4 

Horizontal diameter of foramen for first spinal nerve. 

Distance from condylar articular surface to the bottom of the 

18 

12 

6 

anterior notch of the transverse process. 

Distance from the bottom of the anterior notch of the transverse 

41 

29 

17 

process to the anterior end of the vertebrarterial canal. 

35 

42 

38 

Diameter of the vertebrarterial canal. 

7 

8 

4 

Length of the vertebrarterial canal. 

21 Numbers in italics indicate approximate measurements. 

44 

21 

10 
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The Axis. 

Five good specimens of the axis of Moropus were recovered, and fragments 
of others were found. Two of them, No. 1713, and the one belonging to the 



Fig. 24. Lateral view of axis of M. elatus (No. 
1604). X b 



Fig. 25. Lateral view of axis of M. petcrsoni 
(No. 1703A). X J. 


mounted skeleton, No. 1604, are regarded by the writer as having possibly belonged 
to the cervical scries of adults. No. 1703 is referred to M. petersoni and Nos. 
1724 and 1725 belonged in all probability to young individuals of M. elatus. 

The centrum is light, deeply excavated on both sides of the remarkably 
developed keel, which is a long, thin, vertical plate of bone expanding anteriorly 



Fig. 26. Diagrammatic lateral and ventral view of axis of M. elatus (No. 1604). A, peglike projection 
of odontoid; B, spoutlike projection of odontoid; C, anterior articulating surface of odontoid fusing with D, 
anterior articulating faee of centrum; EE', vertebrarterial canal; F, fossa behind vertebrarterial canal; G, vertical 
keel of centrum; //, posterior face of centrum; I, articulating face of postzygapophyses; J , anterior overhanging 
extremity of neural spine; K, posterior extremity of neural spine; LL, dotted line showing place of section 
represented in Fig. 27; M, outer extremity of transverse process; A 7 , upper lamella of transverse process; 0, 
lower lamella of transverse process: P , lower lamella of t. p. behind; Q, enlarged lateral rugosity at top of spine. 
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and fusing with the body of the centrum behind the line of coossification with the 
odontoid process, and expanding still more posteriorly, fusing with and supporting 
the lower margin of the posterior articulating surface, 
which is cup-shaped and looks upward, the posterior 
margins being strongly produced backward. At the 
points where the keel terminates behind upon the lower 
margin of the cup are formed two elevated protuber¬ 
ances. While a keel-like ridge on the lower side of the 
centrum is not infrequently found in the axis of mamma¬ 
lia, the writer does not recall any case in which this fea¬ 
ture is so strongly developed as it is in Mor opus, though in 
the extinct genus Trigonias it is somewhat approximated. 

Among recent mammals in the genus Equus, and Antilo- 
capra, there is a remarkable development of this ridge, 
though far from being what is seen in Moropus. The 
under side of the axis of Moropus recalls the structural 
features of the same bone found in some of the sauropod 
dinosaurs, with this marked difference that in the latter 
the keel has its lower edge reinforced by a bony plate 
below, so that in cross-section it has a ±-shaped outline. The accompanying 
diagram of a vertical section through the middle of the axis (Fig. 27) shows more 
clearly than can be done by mere description the structure of the centrum and the 
adjacent parts. 

The lateral processes consist anteriorly of two broad lamellae, arising behind 
the inner margin of the anterior articulating face one above and the other below 
the vertebrarterial foramen, which they form by their union externally. After 
uniting to enclose the vertebrarterial canal they flare outwardly and backwardly 
in a horizontal direction, forming the long thin extremity of the lateral process, 
which projects outwardly and backwardly, and is in specimens Nos. 1713 and 
1725 thickened at the end, and is supported on the posterior portion of the centrum 
by a broad thin lamella of bone, a continuation of the lower lamina of the transverse 
process. This bony plate is deeply concave on its upper and convex on its lower 
surface, thus forming on its upper side a longitudinal groove or fossa in continu¬ 
ation of the lower wall of the vertebrarterial canal, the foramen of which immedi¬ 
ately precedes this groove. 

Between the lateral processes and the high central keel on the under side of 
the centrum are deep lateral cavities. Its outer margin and the projecting posterior 



axis of M. elatus (No. 1604). 
A, neural canal; BB, vertebrar¬ 
terial canals; CC, transverse 
processes; D , vertical keel of 
centrum; E, neural spine; F 
sulcus on top of spine. X i. 
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margin of the transverse process unite to form a deep lateral horizontal sinus 
between them. 

The odontoid process is conical. Its transverse greatly exceeds its vertical 
diameter. It is relatively longer in the male than in the female. The faces for 
articulation with the atlas are concave horizontally and convex vertically, and 
unite to form continuous surfaces with the anterior articulating faces of the centrum, 
which have the same curvatures. Its anterior extremity shows a combination in 



Fig. 28. 1 , anterior view of axis of M. elatus (No. 1604), X J; 2, posterior view of axis of M. elatus (No. 

1604) Xi; 3, posterior view of axis of M. petersoni (No. 1703A), Xb 

structure of the “peg” and the “spout.” The neural canal on the upper side of 
the odontoid divides into two grooves, semicircular in section on either side of the 
peg-like extremity of the bone, which points upward between these two grooves. 

A deep notch for the second pair of spinal nerves occurs in front at the point 
of union of the pedicle with the centrum. 

The spinous process is strongly developed antero-posteriorly, as well as verti¬ 
cally. It overhangs the odontoid in front. In the case of the specimens referred 
by me to the female sex the antero-posterior dimensions of the spine are markedly 
less in proportion to the rest of the bone than in specimens attributed to the male 
sex. At the back of the superior margin the spine is thickened in all cases, but 
much more in the two specimens, Nos. 1604 and 1713, which are regarded as having 
belonged to males. In the former of these the hinder margin of the spine swells 
out into more or less hemispherical masses on either side, and in specimen No. 
1604 these lateral thickened masses are separated from each other above on the 
median line by a sulcus extending backward and gradually becoming deeper 
posteriorly. 
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The postzygapophyses are massive and look downwardly and outwardly. 
Their articulating faces are subrotund in most cases, though in No. 1604 they are 
somewhat oval, and at their outer extremities somewhat pointed. 


Measurements of Axis. 


No. 1604, 

mm. 

Greatest length between tip of odontoid and margin of 

No. 1713, 

mm. 

No. 1703, 

mm. 

No. 1724, 

mm. 

No. 1725, 

mm. 

centrum between perpendiculars. 

220 

203 

173 

162 

158 

Height to top of neural spine. 

Length of centrum along under surface exclusive of 

167 

152 

134 

127 

140 

odontoid process. 

148 

138 

126 

112 

108 

Antero-posterior diameter of pedicel. 

Transverse diameter across posterior margins of pre- 

90 

88 

77 

73 

75 

zygapophyses. 

120 

113 

90 

108 

98 

Transverse diameter across postzygapophyses. 

Transverse diameter of vertebra across ends of trans- 

140 

120 

100 

115 

98 

verse processes. 

Transverse diameter of articular faces of postzyga¬ 

130 

110 

97 

105 

96 

pophyses . 

65 

57 

45 

50 

48 

Vertical diameter of neural canal. 

30 

25 

25 

30 

24 

Transverse diameter of neural canal. 

25 

20 

13 

20 

20 

Length of odontoid process. 

Transverse diameter of neural canal at base of odontoid 

72 

65 

47 

50 

50 

process. 

Vertical diameter of odontoid process from floor of 

45 

35 

35 

35 

35 

neural canal. 

18 

18 

10 

20 

20 

Transverse diameter of peg-like projection. 

20 

17 

7 

15 

15 

Vertical diameter of peg-like projection. 

24 

20 

11 

15 

14 

Horizontal diameter of peg-like projection. 

Horizontal diameter of articulating face of “spout” at 

25 

25 

17 

20 

20 

middle. 

Vertical diameter of articulating face of “spout” at 

65 

60 

50 

50 

43 

middle. 

33 

35 

23 

35 

35 

Transverse diameter of posterior face of centrum. 

65 

60 

49 

53 

45 

Supero-inferior diameter of posterior face of centrum... 
Vertical height of posterior face of centrum measured 

70 

65 

50 

50 

50 

perpendicularly. 

54 

48 

38 

38 

42 

Height of keel of centrum at middle. 

Distance to floor of neural canal from bottom of keel at 

40 

32 

20 

22 

20 

middle. 

45 

43 

35 

37 

42 

Transverse diameter of neural spine in front. 

Transverse diameter of neural spine above origin of 

5 

5 

5 

5 

5 

postzygapophyses. 

63 

30 

30 

30 

30 

Antero-posterior diameter of neural spine at top. 

165 

165 

130 

136 

140 
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The Third Cervical Vertebra. 


The third cervical vertebra of specimen 1604 is well preserved. Six other 
third cervicals were recovered in a more or less imperfect condition. 

The prezygapopliyses, which look inward and upward, are slightly convex 
upon their faces. The postzygapophvses, which look downward and outward, 
are very slightly concave transversely and convexo-concave from above downward, 
the concave portion of the surface being a narrow depressed transverse groove 
situated at the lower margin of the articular face, below which the outer surface 



Fig. 29. Lateral view of third cervical of M. elatus 
(No. 1604). XL 



Fig. 30. Outline view of inferior surface of third 
cervical of M. elatus (No. 1604). Dotted line 
shows point of section shown in Fig. 32. XL 


of the bone forms a slightly raised marginal rim. The neural canal is large. The 
dorsal spine is well developed and greatly enlarged at its extremity by bulbous 
outgrowths on either side, which are, however, not so large and heavy as on the 
spine of the axis. The anterior articular surface of the centrum is hemispherical 
and looks downward, fitting thus into the corresponding articular surface of the 
axis, which, as has been already pointed out, projects strongly backward. The 
structure of the centrum corresponds to that of the atlas. The lower wall of the 
neural canal is quite thin, supported below by a high thin keel, which, arising 
immediately behind the anterior articulating surface of the centrum, gradually 
widens and thickens posteriorly until it melts into the posterior margins of the 
cup-shaped posterior articulating face, at its termination on both sides giving 
rise to two tubercular prominences. 

The transverse processes, which are very strongly developed, are formed as 
in the atlas by the union of upper and lower lamime between which at their origin 
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is located the vertebrarterial canal, which is large and oval in cross-section. The 
outward extremity of the transverse processes is enlarged, somewhat truncate, 
and rolled downward like a scroll with the anterior tubercle pointing forward 
and downward and the heavier posterior tubercle pointing outward and upward. 



Fig. 31. Third cervical of M. petersoni (1703d.). 1, lateral view; 
2, posterior view. XL 



Fig. 32. Cross-section of third cervical 
vertebra of M. elatus (No. 1604). XL 


The lower margin of the vertebrarterial canal is continuous with a deep fossa on 
the upper side of the lower lamina of the transverse process, which is continued 
backward as an upwardly bent scroll-shaped projection until it fuses with the 
margin of the posterior articulating face of the centrum about its middle. A 
Cross-section of the bone is given in Figure 32. 


Measurements of Third Cervical Vertebra. 


No. 1004, 
mm. 


Greatest length from front margin of prezygapophyses to hind margin below between perpendiculars. 190 


Height to top of neural spine. 155 

Length of centrum along the under surface. 165 

Antero-posterior diameter of pedicel. 80 

Diameter measured across face of prezygapophyses. 138 

Distance between articulating faces of prezygapophyses above. 25 

Diameter measured across face of postzygapophyses.152 

Distance between articulating faces of postzygapophyses in front. 40 

Distance between articulating faces of postzygapophyses behind. 26 

Diameter across anterior extremities of transverse processes. 112 

Diameter across posterior extremities of transverse processes. 165 

Transverse diameter of articular faces of prezygapophyses. 60 

Supero-inferior diameter of articular faces of prezygapophyses. 50 

Transverse diameter of articular faces of postzygapophyses. 60 

Supero-inferior diameter of articular faces of postzygapophyses. 65 

Vertical diameter of neural canal. 35 

Transverse diameter of neural canal.30 
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Antero-postcrior diameter of anterior articulating surface of centrum. 50 

Transverse diameter of anterior articulating surface of centrum. 45 

Transverse diameter of posterior face of centrum. 65 

Supero-inferior diameter of posterior face of centrum. 70 

Vertical height of posterior end of centrum measured perpendicularly. 50 

Greatest height of keel of centrum below transverse processes. 35 

Distance to neural canal from bottom of keel of centrum at middle. 45 

Transverse diameter of neural spine in front. 1 

Transverse diameter of neural spine above origin of postzygapophyses. 40 

Antero-posterior diameter of spine at origin. 80 

Antero-posterior diameter of spine at upper extremity. 43 

Height of spine from origin. 45 

Antero-posterior diameter of outer margin of transverse processes. 75 

Transverse diameter of vertebrarterial canal. 8 

Supero-inferior diameter of vertebrarterial canal. 15 


The Fourth Cervical Vertebra. 

The fourth cervical vertebra of specimen No. 1604 is excellently preserved. 
It closely resembles in its general structure the third cervical, but is broader trans¬ 
versely. The anterior and posterior tubercles of the transverse processes are 
heavier and tend to assume a more vertical position in relation to each other than 




Fig. 33. Lateral view of fourth cervical of M. ela- 
tus (No. 1604). XL 


Fig. 34. Ventral view of fourth cervical of M. ela- 
lus (No. 1604). XI 


is the case in the third cervical. The horizontal marginal sinus back of the trans¬ 
verse process is not as deep as in the preceding vertebra, and the neural spine is 
not as heavy on its upper margin. The protuberances on the lower margin of 
the posterior articulating face of the centrum marking the lateral boundaries of 
the widening keel are much enlarged and prominent. 
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Measurements of Fourth Cervical Vertebra. 

No. 1604, 
mm. 

Greatest length from front margin of prezygapophyses to hind margin below between perpendiculars. 195 

Height to top of neural spine. 147 

Length of centrum along the under surface. 165 

Antero-posterior diameter of pedicel. 75 

Diameter across face of prezygapophyses. 15S 

Distance between faces of prezygapophyses above. 32 

Diameter across face of postzygapophyses. 170 

Distance between faces of postzygapophyses in front. 55 

Distance between faces of postzygapophyses behind. 38 

Diameter across anterior extremities of transverse processes. 120 

Diameter across posterior extremities of transverse processes. 180 

Transverse diameter of articular faces of prezygapophyses. 65 

Supero-inferior diameter of articular faces of prezygapophyses.•. 70 

Transverse diameter of articular faces of postzygapophyses. 70 

Supero-inferior diameter of articular faces of postzygapophyses. 63 

Vertical diameter of neural canal. 30 

Transverse diameter of neural canal. 30 

Antero-posterior diameter of anterior articulating face of centrum. 50 

Transverse diameter of anterior articulating face of centrum. 45 

Transverse diameter of posterior articulating face of centrum. 65 

Vertical height of posterior end of centrum measured perpendicularly. 50 

Greatest height of keel of centrum below transverse process. 30 

Distance of neural canal from bottom of keel at middle. 45 

Transverse diameter of neural spine in front. 3 

Transverse diameter of neural spine at origin of postzygapophyses. 30 

Antero-posterior diameter of spine at origin. 65 

Antero-posterior diameter of spine at upper extremity. 40 

Height of spine from origin. 45 

Antero-posterior diameter of outer margin of transverse process. 70 

Transverse diameter of vertebrarterial canal. 10 

Supero-inferior diameter of vertebrarterial canal. 20 

The Fifth Cervical Vertebra. 

The fifth cervical vertebra is well preserved in specimen No. 1604. In its 
general features it resembles its immediate predecessor. The transverse processes 
at their outer extremities increase in size, and the anterior tubercle becomes a 
broad thin process pointing downward and inward, while the posterior tubercle 
is a heavy process, subtriangular in section, extending outward and backward, 
strongly roughened at the end to provide muscular attachments. The posterior 
horizontal marginal sinus is shallower than in the fourth cervical. The neural 
spine is not quite as heavy as in the fourth cervical, and the keel of the centrum 
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is not as high, but the lateral prominences below the lower margin of the posterior 
articulating face of the centrum are more stronglj r developed. 



Fio. 35. Lateral view of fifth cervical of 
M. elaius (No. 1604). XL 



Fig. 36. Ventral view of fifth cervical of M . 
elatus (No. 1604). XL 


Measurements op Fifth Cervical Vertebra. 


No. 1604, 
mm. 


Greatest length from front margin of prezygapophyses to hind margin below measured between 


perpendiculars. 197 

Height to top of neural spine. 160 

Length of centrum along under surface. 160 

Antero-posterior diameter of pedicel. 75 

Diameter across face of prezygapophyses. 170 

Distance between faces of prezygapophyses above. 43 

Diameter across postzygapophyses. 175 

Distance between faces of postzygapophyses in front. 55 

Distance between postzygapophyses behind. 37 

Diameter across anterior extremities of transverse processes. 120 

Diameter across posterior extremities of transverse processes. 175 

Transverse diameter of articular faces of prezygapophyses. 70 

Supero-inferior diameter of articular faces of prezygapophyses. 66 

Transverse diameter of articular faces of postzygapophyses. SO 

Supero-inferior diameter of articular faces of postzygapophyses. 55 

Vertical diameter of neural canal. 30 

Transverse diameter of neural canal. 30 

Antero-posterior diameter of anterior articulating face of centrum. 50 

Transverse diameter of anterior articulating face of centrum. 50 

Transverse diameter of posterior articulating face of centrum. 65 

Supero-inferior diameter of posterior articulating face of centrum. 70 
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Vertical height of posterior end of centrum measured perpendicularly. 55 

Greatest height of keel of centrum below transverse processes. 27 

Distance to neural canal from bottom of keel of centrum at middle. 45 

Transverse diameter of neural spine in front.. 1 

Transverse diameter of neural spine above origin of postzygapophyses. 27 

Antero-posterior diameter of spine at origin. 42 

Antero-posterior diameter of spine at upper extremity. 35 

Height of spine from origin. 60 

Antero-posterior diameter of outer margin of transverse process. 70 

Transverse diameter of vertebrarterial canal. 10 

Supero-inferior diameter of vertebrarterial canal. 20 


The Sixth Cervical Vertebra.. 


On comparing the sixth cervical with the fifth we detect a profound modi¬ 
fication of the lower surface of the centrum and the transverse processes in the 
former, which also becomes much shorter in some of its antero-posterior dimensions. 



Fig. 37. Lateral view of sixth cervical 
of M. elatus (No. 1604). XL 



Fig. 38. Ventral view of sixth cervical of M. elatus 


(No. 1604). XL 


The long thin keel of the centrum, which is so characteristic a feature of cervicals 
2-5 is very greatly reduced in the sixth and becomes a low broad ridge not more 
than five millimeters in height. The posterior part of the inferior lamina of the 
transverse process which in the preceding vertebrae is shown to carry upon its 
superior surface a fossa in continuation of the vertebrarterial canal widens out 
laterally and downwardly and fuses with the main body of the transverse process 
in front in such a way as to wholly obliterate the horizontal posterior marginal 
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sinus, the outer inferior margin of the lamina forming an almost straight marginal 
line from the posterior tubercle. Moreover this lamina is greatly produced back¬ 
wards at its posterior angle beyond the lower margin of the centrum in such a way 
as to leave a deep notch between it and the inferior lip of the posterior articulating 
surface of the centrum. The vertebrarterial foramen is greatly enlarged in di¬ 
ameter, while the portion of the upper lamina, which protects it externally, is much 
reduced in its antero-posterior diameter. Just behind the posterior tubercle of 
the transverse process on the upper surface of the posterior lamina is a deep cavity 
or oval fossa. The neural spine is higher and narrower both transversely and 
antero-posteriorly. 


Measurements of Sixth Cervical Vertebra. 


No. 1G04, 
mm. 


Greatest length from front margin of prezygapophyses to hind margin below measured between 


perpendiculars. 197 

Height to top of neural spine. 187 

Length of centrum along under surface. 160 

Antero-posterior diameter of pedicel. 55 

Diameter across face of prezygapophyses. 182 

Distance between faces of prezygapophyses above. 42 

Diameter across postzygapophyses. 165 

Distance between faces of postzygapophyses in front. 65 

Distance between postzygapophyses behind. 45 

Diameter across anterior extremities of transverse processes. 115 

Diameter across posterior extremities of transverse processes. 157 

Transverse diameter of articular faces of prezygapophyses... 75 

Supero-inferior diameter of articular faces of prezygapophyses. 60 

Transverse diameter of articular faces of postzygapophyses. 63 

Supero-inferior diameter of articular faces of postzygapophyses. 60 

Vertical diameter of neural canal. 30 

Transverse diameter of neural canal. 35 

Antero-posterior diameter of anterior articulating face of centrum. 52 

Transverse diameter of anterior articulating face of centrum. 50 

Transverse diameter of posterior articulating face of centrum. 68 

Supero-inferior diameter of posterior articulating face of centrum. 80 

Vertical height of posterior end of centrum measured perpendicularly. 50 

Greatest height of keel of centrum below transverse processes... 6 

Distance of neural canal from bottom of keel of centrum at middle. 45 

Transverse diameter of neural spine in front. 1 

Transverse diameter of neural spine above origin of postzygapophyses. 15 

Antero-posterior diameter of spine at origin. 50 

Antero-posterior diameter of spine at upper extremity. 25 

Height of spine from origin. 80 

Antero-posterior diameter of outer margin of transverse process. 70 
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Transverse diameter of vertebrarterial canal. 15 

Supero-inferior diameter of vertebrarterial canal. 27 


The Seventh Cervical Vertebra. 

In the seventh cervical vertebra a still more profound change in structure 
than has been observed in the sixth takes place. The vertebrarterial canal wholly 




Fig. 39. Lateral view of seventh cervical of M. Fig. 40. Ventral view of seventh cervical of M. ela- 
elatus (No. 1604). XL tus (No. 1604). XL 

disappears. The transverse process becomes a solid bony mass, sub triangular 
in cross-section, elongated, and pointing downward and outward. The posterior 



Fig. 41. 1, lateral view of seventh cervical of M. petersoni (No. 1703A); 2, posterior view of do. XL 
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part of the inferior lamina of the transverse process, by which it is in the pre¬ 
ceding vertebrae attached to the centrum behind becomes obsolete, or at most 
only vestiges of it remain as a thin wing of bone on the back of the lower 
margin of the transverse process. The anterior and posterior tubercles of the 
transverse process are so fused together as to become indistinguishable from 
each other, and combine at the outer extremity of the transverse process to form a 
somewhat reflexed rounded termination. The keel of the centrum almost wholly 
disappears. The neural spine is long, slender, pointed, and lies in almost the 
same plane as the posterior articulating face of the centrum. All of the antero¬ 
posterior and most of the transverse dimensions of the bone, except those of the 
anterior and posterior articulating faces of the centrum, are greatly reduced. 


Measurements of Seventh Cervical Vertebra. 


No. 1604, 


mm. 


Greatest length from front margin of prezygapophyses to hind margin below measured between 

perpendiculars. 

Height to top of neural spine. 

Length of centrum along under surface. 

Antero-posterior diameter of pedicel. 

Diameter across face of prezygapophyses. 

Distance between faces of prezygapophyses above. 

Diameter across postzygapophyses. 

Distance between faces of postzygapophyses in front. 

Distance between postzygapophyses behind. 

Diameter across extremities of transverse processes. 

Transverse diameter of articular faces of prezygapophyses. 

Supero-inferior diameter of articular faces of prezygapophyses. 

Transverse diameter of articular faces of postzygapophyses. 

Supero-inferior diameter of articular faces of postzygapophyses. 

Vertical diameter of neural canal. 

Transverse diameter of neural canal. 

Antero-posterior diameter of anterior articulating face of centrum. 

Transverse diameter of anterior articulating face of centrum. 

Transverse diameter of posterior articulating face of centrum. 

Supero-inferior diameter of posterior articulating face of centrum. 

Vertical height of posterior end of centrum measured perpendicularly. 

Distance of neural canal from bottom of centrum at middle. 

Transverse diameter of neural spine in front. 

Transverse diameter of neural spine above over origin of postzygapophyses. 

Antero-posterior diameter of spine at origin. 

Antero-posterior diameter of spine at upper extremity. 

Height of spine from origin. 

Antero-posterior diameter of outer margin of transverse process. 


174 

142 
132 

42 

1G0 

48 

143 
52 
45 

175 
GO 
55 
50 
45 
35 
45 
50 
50 
85 
80 
45 
37 

2 

10 

45 

15 

120 

30 
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The Dorsal Vertebrae. 22 

The dorsal vertebrae of specimen No. 1604 were all found in a more or less 
perfect condition with the exception of the eighth and the eleventh. These have 
been restored in the light of other specimens belonging to other individuals and 
by accurate comparison with the vertebrae immediately preceding and succeeding 
them. More or less imperfect series of dorsal vertebrae belonging to other indi¬ 
viduals were discovered, and these have been arranged in series for purposes of 
study. 

Catalog No. 1703B. 

This series consists of the first four dorsals, the first and second of which 
have lost the posterior epiphyses of the centra, the last two of which, although 
they have sustained a few minor injuries, have preserved both the anterior and 
the posterior epiphyses. 

Catalog No. 1703C. 

This series consists of the seventh, tenth, eleventh, twelfth, thirteenth, and 
fourteenth dorsals of a small but mature individual. The epiphyses on all the 
centra are well preserved and there is every evidence of the maturity of the animal. 
These bones are referred, together with other bones placed under the general 
accession number 1703, to the species named by the writer Moropus petersoni. 

Catalog No. 1708. 

Consists of the more or less imperfect centra of dor¬ 
sals eleven, twelve, and fifteen. These specimens were 
found with the lumbars of the same series and bearing 

22 In measuring the dorsal vertebrae it should be explained that in ascer¬ 
taining the greatest height a line from the anterior lower margin of the cen¬ 
trum to the top of the spine has in all cases been employed, as shown in the 
accompanying diagram A-B. The distance between the heads of ribs is 
measured on the side of the centrum from C-D. In all cases the greatest 
measurement is taken, even when this is not expressed in the tables. The 
only exception is in the measurement of the antero-posterior diameter of the 
spine; in taking which a point has been selected in each case just below the 
tubercular enlargement,/?-/* 7 . The height of the spine from the neural canal 
to the top is measured always along the anterior face of the spine. The 
anteroposterior diameter of the spine above the neural canal is measured on 
the line G-H. In measuring the transverse diameter of the anterior face of 
the centrum a line just below the anterior faces for the heads of the ribs has Moropus elatus (No. 1604). 
been used, as this marks the widest point. The transverse measurement of Diagram to show the manner 
the posterior face of the centrum always includes the faces for the heads of °f taking measurements fol- 
the ribs. owed by the author. 
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the same accession number and evidently belonged to a large and fully matured 
specimen of Moropus elatus Marsh. 

Catalog No. 1712. 


This is a remarkably well preserveds series, representing the first five dorsals 
belonging to an animal of considerable size. The bones articulate very well, and 



Fig. 43. Lateral view of the first five dorsals (No. 1712, C. M. Cat. Vert. Foss.). XL 


with the exception of minor injuries at the extremity of the spines and of the 
articulating faces between 1 and 2 are practically perfect. 

Catalog No. 1713. 

This series consists of the second, fifth, sixth, seventh, tenth, twelfth, four¬ 
teenth, and fifteenth dorsals of a large and somewhat immature individual. In 
all cases the posterior epiphyses of the centra have been lost and in the case of 
the sixth and the fourteenth the anterior epiphysis has also been lost. The spines 
and transverse processes in this series are upon the whole very well preserved. 
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Catalog No. 1714• 

In this series dorsals two, six, seven, and nine are represented. They belonged 
to a somewhat immature specimen of small size, the posterior epiphyses in all 
cases being wanting and the anterior epiphysis in the sixth vertebra having also 
slipped. 

Catalog No. 1715. 

This consists of dorsals four, five, six, the spine of dorsal seven, and dorsals 
twelve and fifteen. With the exception of dorsals five, twelve, and fifteen the 
specimens are somewhat injured. They represent a mature individual of small 
size, undoubtedly belonging to Moropus petersoni. 

Catalog No. 1716. 

Consists of the second dorsal of an individual of medium size. 

Catalog No. 1717. 

This is the second dorsal vertebra of a young individual of small size, the spine 
and transverse processes being well preserved but both the anterior and posterior 
epiphyses of the centrum having been lost. 

Catalog No. 1718. 

This is a somewhat injured specimen of the first dorsal of a young individual 
of medium size which has lost the anterior and posterior epiphyses of the centrum. 

Catalog No. 1719. 

This is a remarkably well preserved first dorsal of a medium sized individual, 
which has sustained no injury whatever. 

Catalog No. 1731. 

Consists of the centra of dorsals eight, nine, and ten. The centra are well 
preserved and represent a large and mature individual. The neural arches and 
the spines have, however, been completely lost from these three specimens. 

The First Dorsal Vertebra. 

This vertebra is represented in the collection by five specimens. In the 
mounted specimen, No. 1604, unfortunately only the centrum of this bone remained 
and that in a damaged condition, but showing enough to enable its antero-posterior 
diameter to be ascertained. The specimens catalogued as Nos. 17035, 1712, 1718, 
and 1719 supplied the outline of the missing portions, although all are smaller than 


274 


MEMOIRS OF THE CARNEGIE MUSEUM. 


No. 1604. Mr. Peterson was enabled by the help of this material to reconstruct 
the vertebrae for the mounted specimen in such a manner that no doubt as to its 
true form exists. In No. 1708/1 the neural spine, the lateral processes, the prezyga- 
pophyses, postzygapophyses, and the walls of the neural canal are well preserved, 
though the lower portion of the centrum is somewhat damaged. Specimen No. 
1712 more nearly approximates No. 1604 in size than any other specimen, and 
preserves all the articulating surfaces except the posterior articulating surface of 
the centrum, from which the epiphysis has been lost. No. 1718 is in nearly the 
same condition as number 1712. Specimen No. 1719 (see Fig. 44, 1-4) is the best 



Fig. 44. Remnant of first dorsal of M. elatus (No. 1604), X J. 1. first dorsal (No. 1719), anterior Anew; 
2, do., lateral view; 3, do., inferior view; 4, do., posterior view. X 


preserved of all the first dorsals, but has, like all others mentioned, lost the posterior 
epiphysis of the centrum. Though lacking this surface, the form of the anterior 
articular surface of the second dorsal, which is well preserved in a number of 
specimens, permits the reconstruction of the missing posterior face of the centrum 
of the first dorsal, 
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A comparison of the four specimens which have been mentioned in the pre¬ 
ceding paragraph makes possible an exact description of the bone. 

The neural spine is elevated, slender, and slightly recurved. This backward 
curvature is most noticeable in specimens 1703J3 and 1718, which are referred to 
M. petersoni. The antero-posterior diameter of the spine at the tip is much less 
than at its origin, this being especially noticeable in specimen No. 1712, in which 
the neural spine is fully twice as deep at its origin as at its extremity. The pre- 
zygapophyses are elevated and oblique for articulation with the last cervical. 
In specimen No. 17032? the articulating surface of the prezygapophyses is rotund; 
in the others the surface is more or less oval. The prezygapophyses are much 
further apart than the postzygapophyses, and look upward, inward and forward; 
while the postzygapophyses look downward and outward. The pedicels of the 
first dorsal stand mostly on the anterior half of the centrum and their transverse 
diameter is nearly twice that of their antero-posterior diameter at the middle. The 
neural canal is semi-circular in outline below, but above, owing to the depression of 
the laminae, it is pointed, as shown in Fig. 44, 4. The diameter of the centrum is 
greater transversely than vertically. Its anterior articulating surface, which is 
well preserved in specimens Nos. 1712,1718, and 1719, looks forward and downward. 
It is somewhat cordate in outline. On the lower side of the centrum at the middle 
is a triangular process of the bone the base of which clasps the posterior margin of 
the anterior epiphysis, and the apex of which is produced backward as a slightly 
elevated keel. On either side on the centrum, just behind the anterior epiphysis, 
is a circular digital depression for the accommodation for the capitulum of the first 
rib. Immediately in advance of each of these depressions on each side is a deep 
pit, at the bottom of which is a small nutrient foramen. The outer extremity of 
the transverse process is strongly tubercular and deeply excavated, furnishing a 
broad concave articulating surface for the accommodation of the tuberculum 
of the first rib. This surface looks downward and forward. 

The posterior articulating surface of the centrum, as has already been stated, 
is in all of the specimens more or less mutilated through the loss of the epiphysis, 
but undoubtedly, in addition to a concave depression in the center to accommodate 
the anterior articulating surface of the succeeding vertebra, there was on either 
side a facet to accommodate the anterior surface of the capitulum of the second 
rib. The centrum in cross-section at the middle is sub triangular in outline. 
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Measurements of First Dorsal Vertebra. 23 


Greatest height from base of centrum to top of spine. 

Greatest transverse diameter measured across transverse processes. 

Greatest antero-posterior diameter measured from front of prezyga- 

pophyses to back of postzygapophyses. 

Length of centrum along floor of neural canal. 

Length of centrum along inferior surface. 

Vertical diameter of anterior face of centrum. 

Vertical diameter of posterior face of centrum. 

Vertical diameter of neural canal.. 

Antero-posterior diameter of prez 3 r gapophyses. 

Transverse diameter of prezygapophyses. 

Distance across prezygapophyses... 

Antero-posterior diameter of postzygapophyses. 

Transverse diameter of postzygapophyses. 

Distance across postzygapophyses. 

Transverse diameter of anterior face for head of rib. 

Antero-posterior diameter of anterior face for head of rib. 

Vertical diameter of posterior face for head uf rib. 

Horizontal diameter of posterior face for head of rib. 

Antero-posterior diameter of face for tubercle of rib. 

Transverse diameter of face for tubercle of rib. 

Transverse diameter of pedicel. 

Antero-posterior diameter of pedicel at narrowest point. 

Distance between faces for heads of ribs. 

Height of spine from neural canal to extremity. 

Antero-posterior diameter of spine above neural canal. 

Antero-posterior diameter of spine at top. 


1604, 

1703 B , 

1712, 

1718, 

1719, 

mm. 

mm. 

mm. 

mm. 

mm. 

295 

181 

260 

210 

212 

190 

150 

177 

145 

152 

110 

72 

97 

68 

S3 

50 

38 

47 

32 

43 

45 

28 

30 

30 

28 

75 

42 

62 

45 

40 

70 

40 

58 

38 

40 

SO 

25 

33 

38 

34 

55 

35 

40 

36 

38 

48 

35 

52 

40 

47 

no 

115 

138 

116 

122 

40 

20 

30-35 

37 

23 

40 

30 

40 

35 

33 

112 

85 

107 

95 

97 

30 

20 

30 

20 

27 

SO 

22 

30 

20 

26 

40 





27 





40 

20 

35 

30 

35 

34 

25 

30 

30 

28 

45 

33 

45 

38 

40 

15 

1G 

15 

14 

15 

25 



12 

12 

203 

135 

175 

140 

144 

57 

33 

61 

36 

38 

32 

25 

28 

19 

25 


The Second Dorsal Vertebra. 

The Agate Spring Fossil Quarry yielded seven more or less complete specimens 
of the second dorsal of Moropus. These are numbered in the Catalogue of Verte¬ 
brate Fossils in the Carnegie Museum as specimens 1604, 1703R, 1712, 1713, 
1714, 1716, and 1717. Of these numbers 1716 (see Figs. 45 and 46) is a perfect 
specimen, showing all the articulating surfaces. No. 1712 is complete except for 
the loss of the anterior epiphysis of the centrum, which is present in all the other 
specimens except 1717, from which it has likewise departed. All the other speci¬ 
mens except 1604 have lost the posterior epiphysis, a sign of immaturity. Of 
No. 1604, the mounted specimen, the centrum with its transverse processes and 
the lower third of the spine is preserved. The upper part of the spine has been 

23 All measurements in italics approximate, specimens being restored, or broken. 
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restored by Mr. Peterson. The possession of these seven specimens permits an 
accurate description of this member of the vertebral series. 





Fig. 45. Second dorsal of Moropus (No. 1716, C. M. Cat. Vert. Foss.). X|. 1, posterior view; 2, lateral 

view; 3, anterior view. 

The spine is longer than in the first dorsal, and viewed laterally tapers at 
the top, with the exception of specimens 1713 and 1716, which are widened and 
flattened out at their upper ends. No. 1713 gives evidence of having received 
injury during the life of the animal to which it belonged. The postzygapophyses 
are malformed and the spine is twisted to the left. The spine in all specimens is 
triangular in horizontal section near its origin, with the base of the triangle behind, 
and the apex pointing forward. Above the mid¬ 
dle it becomes oblong-oval in cross-section. The 
transverse processes are smaller and the articulat¬ 
ing faces of the prezygapophyses and the postzy¬ 
gapophyses are much smaller than in the first dor¬ 
sal. The prezygapophyses are oblique, transversely 
oblong, and look upward and inward; the postzy¬ 
gapophyses are subtriangular or rudely oval and 
look backward and downward. The anterior articulating face of the centrum 
looks forward and somewhat downward; the posterior articulating face is almost 
vertical, looking back and very little, if at all, upward. The epiphysis in front, 



Fig. 46. Inferior view of second 
dorsal of Moropus (No. 1716, C. M. 
Cat. Vert. Foss.). Xb 
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as shown by Xo. 1716, at the middle of the lower part of the centrum throws 
backward a process, which fuses on the median line with a similar but more massive 

process thrown forward by the posterior epiphysis. These 
projections unite to clasp the bod}' of the centrum below 
and create on the median line a short keel-like projection 
or prominence. (Fig. 46.) The pedicels rest mainly on the 
anterior half of the centrum and show before and behind 
well-marked grooves at the point of exit of the nerve. The 
anterior facets for the head of the rib are concave, suboval 
in some specimens, in others more nearly round in outline. 
In advance of these facets on either side of the anterior 
epiphysis near its upper margin' is a small nutrient fora¬ 
men. The posterior articular facets for the head of the rib 
are concave and subtriangular in outline, with the angles 
rounded, having the longest side next to the posterior 
articulating surface of the centrum which receives the fol¬ 
lowing rib. They are located at the point of union of the 
transverse process with the body of the centrum and fuse 
with the outer margins of the posterior epiphysis, as is 
beautifully shown by specimen No. 1716. The accompany¬ 
ing cuts (Figs. 45 and 46) illustrate the facts better than can 
be done by a description. The articular surface for the 
tubercle of the rib looks downward and forward. The 
orifice of the neural canal shows some variation in outline 
in the different specimens. In the smaller and less mature 
specimens the opening is nearlj r circular. In No. 1713, and noticeably in No. 1604, 
it is transversely oval. 



of M. elatus 
XI 


(No. 1604). 


Measurements 24 of Second Dorsal Vertebra. 



1604, 

17035, 

1712, 

1713, 

1714, 

1716, 

1717, 

Greatest height from base of centrum to top of 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

spine. 

Greatest transverse diameter, measured across 

314 

230 

307 

275 

204 

24S 

183 

transverse processes.. 

Greatest antero-posterior diameter, measured 
from front of prezygapophyses to back of 

172 

140 

155 

156 

120 

141 

104 

postzygapophyses. 

90 

64 

72 

76 

60 

65 

51 

Length of centrum along floor of neural canal. . 

50 

40 

48 

42 

S4 

42 

28 


24 Numbers in italics show that the measurement is approximate only, the specimen being broken. 
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Length of centrum along inferior surface. 

43 

30 

40 

35 

23 

30 

17 

Vertical diameter of anterior face of centrum... 

62 

40 

68 

50 

35 

40 

35 

Transverse diameter of anterior face of centrum 

45 

35 

40 

45 

30 

38 

33 

Vertical diameter of posterior face of centrum 
including faces for head of ribs. 

65 

40 

60 

47 

40 

40 

38 

Transverse diameter of posterior face of centrum 

102 

77 

100 

95 

80 

83 

75 

Vertical diameter of neural canal. 

25 

30 

33 

28 

25 

28 

23 

Transverse diameter of neural canal. 

39 

35 

35 

35 

25 

33 

22 

Antero-posterior diameter of prezygapophyses. . 

38 

20 

26 

20 

18 

20 

17 

Transverse diameter of prezygapophyses. 

37 

30 

40 

35-38 

29 

32 

24 

Distance across prezygapophyses. 

104 

95 

111 

105 

95 

96 

76 

Antero-posterior diameter of postzygapophyses. 

30 

22 

40 

r. 31, 1. 20 

23 

r. 29, 1. 25 

18 

Transverse diameter of postzygapophyses. 

24 

22 

23 

r. 22, 1. 28 

20 

r. 30, 1. 26 

r. 13, 1. 

Distance across postzygapophyses. 

69 

62 

77 

62 

57 

73 

45 

Transverse diameter of anterior face for head of 
rib. 

SO 

20 

20 

20 

20 

25 

13 

Horizontal diameter of anterior face for head of 

rib. 

26 

25 

28 

30 

20 

28 

18 

Vertical diameter of posterior face for head of rib 

29 

25 

32 



25 


Transverse diameter of posterior face for head 
of rib. 

23 

17 

25 



19 


Antero-posterior diameter of face for tubercle 
of rib. 

23 

26 

38 


30 

37 

25 

Transverse diameter of face for tubercle of rib.. 

26 

20 

30 


20 

25 

15 

Transverse diameter of pedicel. 

40 

30 

40 

35 

35 

31 

26 

Antero-posterior diameter of pedicel at nar¬ 
rowest part. 

33 

20 

22 

20 

20 

20 

17 

Distance between faces for head of ribs. 

10 

10 

15 

15 

10 

13 

7 

Height of spine from neural canal to extremity. 

235 

160 

217 

214 

153 

176 

128 

Antero-postero diameter of spine above neural 
canal. 

53 

30 

55 

40 

30 

35 

30 

Antero-posterior diameter of spine at top. 

40 

20 

35 

48 

20 

31 

20 


Third Dorsal Vertebra. 

Three specimens of the third dorsal vertebra of Moropus were found in the 
Agate Spring Quarry, Nos. 1604, 1703# (see Fig. 48), and 1712. Of these speci¬ 
mens No. 1712 is in almost perfect condition (see Fig. 43, 3), the top of the spine 
and the front of the centrum having sustained some slight injury, but not enough 
to make it impossible to almost exactly approximate its length. In specimen 
No. 1604 we have the posterior and upper portions of the centrum, the pedicel, 
the prezygapophyses, and the postzygapophyses, and the lower half of the spine. 
The front of the centrum, the extremities of the transverse processes, and the 
upper half of the spine have been restored. 
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The spine of the third dorsal vertebra is relatively longer than that of the 

second dorsal. It is, like the second, tri¬ 
angular in horizontal cross-section, but 
broader behind than the second and shorter 
in its antero-posterior diameter. The tu¬ 
bercular end of the transverse process is 
smaller than in the second vertebra and the 
articulating face for the tubercle looks 
downward, outward, and slightly forward. 
The prezvgapophyses look upward and out¬ 
ward ; the postzygapophyses look downward 
and inward. The articulating surfaces of 
the centrum resemble those of the second 
dorsal, and the body of the centrum is 
clasped from before and behind by the 
median projections of the epiphyses on the under side, which form a low keel. 



Fig. 48. 
1703B). 


Third dorsal of Moropus petersoni (No. 
1, lateral view; 2, posterior view. X §. 


Measurements of Third Dorsal Vertebra. 2 


Greatest height from base of centrum to top of spine. 

Greatest transverse diameter, measured across transverse processes. 

Greatest antero-posterior diameter, measured from front of prezygapophvses to 

back of postzygapophyses. 

Length of centrum along floor of neural canal. 

Length of centrum along inferior surface. 

Vertical diameter of anterior face of centrum. 

Transverse diameter of anterior face of centrum. 

Vertical diameter of posterior face of centrum. 

Transverse diameter of posterior face of centrum including faces for head of ribs 

Vertical diameter of neural canal. 

Transverse diameter of neural canal. 


Distance across prezygapophyses. 

Antero-posterior diameter of postzj^gapophj'ses. 

Transverse diameter of postzygapophj^ses. 

Distance across postzygapoph} r ses. 

Transverse diameter of anterior face for head of ribs. 

Horizontal diameter of anterior face for head of ribs. 

Transverse diameter of posterior face for head of ribs. 

25 Numbers italicized indicate that at the point of measurement the specimen has been injured or restored. 


1604, 

17035, 

1712, 

mm. 

mm. 

mm. 

327 

250 

310 

166 

130 

145 

78 

63 

70 

52 

43 

50 

45 

25 

37 

55 

45 

48 

41 

41 

42 

60 

45 

55 

101 

86 

98 

26 

28 

33 

28 

28 

33 

r. 20, L % 

' 28 

36 

r. 19, 1. 23 37 

25 

60 

70 

75 

22 

20 r. 

25, 1. 

21 

15 

20 

58 

55 

62 

26 

23 

25 

35 

28 

34 

25 

20 

24 
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Vertical diameter of posterior face for head of ribs. .. 
Antero-posterior diameter of face for tubercle of rib.. 

Transverse diameter of face for tubercle of rib. 

Transverse diameter of pedicel. 

Antero-posterior diameter of pedicel. 

Distance between faces for head of ribs. 

Height of spine from neural canal to extremity. 

Antero-posterior diameter of spine above neural canal 
Antero-posterior diameter of spine at top. 


30 

28 

22 

40 

35 

5 

240 

43 

4S 


25 

26 
17 
32 
2S 

2 

ISO 

30 

22 


32 

26 

18 

30 

32 

2 

226 

45 

35 


Fourth Dorsal Vertebra. 

Four specimens of the fourth dorsal vertebra were recovered in the Agate 
Spring Quarries, Nos. 1604, 17035, 1712, and 1715 (Carn. Mus. Cat. Vert. Foss.). 
No. 1604 lacks the upper end of the spine, and has sustained some injury at the 
extremity of the transverse processes. Nos. 17035 (see Fig. 49) and 1712 (see 
Fig. 45,4) are practically perfect. No. 1715 
has lost the extremity of the left transverse 
process, and is a little water-worn; other¬ 
wise it is in good conditoon. 

The spine of the fourth dorsal is slightly 
longer than the third (see Fig. 43). In 
horizontal section at its origin it is equi- 
laterally triangular. The transverse proc¬ 
esses are smaller than in the preceding 
vertebra, and are the first to show the 
tendency to develop a metapophysis, which 
becomes gradually more marked as we 
go backward along the vertebrae. The 
superior margin of the centrum above the 
posterior articular faces for the heads of Fig. 49. Fourth dorsal of Moropuspetersoni (No. 
the ribs projects a little upward, assisting 1703B) ' 1 . lateral view; 2, posterior view. 

thus in forming a portion of the wall of the lateral exits for the nerves of the spine. 
The prezygapophyses look forward and outward, and are subtriangular. The 
postzygapophyses look obliquely downward and a little inward and are antero- 
posteriorly oblong. Both the pre- and postzygapophyses are relatively smaller 
than in the preceding vertebra. The articulating surface for the tubercle is situ¬ 
ated at the outer extremity of the transverse process and forms the surface of a 
very short oval or circular lateral projection which is separated from the body of 
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the process by a shallow constriction deeper on the lower anterior side than above. 
The articular surface looks outward, downward, and forward. The articulating 
surfaces of the centrum both before and behind are nearly vertical in position. 


Measurements of Fourth Dorsal Vertebra. 26 

1604, 1703 B , 

mm. mm. 

Greatest height from base of centrum to top of spine. 808 222 

Greatest transverse diameter measured across transverse processes 165 130 

Greatest antero-posterior diameter measured from front of prezyga- 

pophyses to back of postzygapophyses. 63 66 

Length of centrum along floor of neural canal. 45 38 

Length of centrum along inferior surface. ,50 38 

Vertical diameter of anterior face of centrum. 50 40 

Transverse diameter of anterior face of centrum. 57 40 

Vertical diameter of posterior face of centrum. 58 43 

Transverse diameter of posterior face of centrum including faces 

for head of ribs. 108 90 

Vertical diameter of neural canal. 28 27 

Transverse diameter of neural canal. 30 25 

Antero-posterior diameter of prezygapophyses. 20 22 

Transverse diameter of prezygapophyses. 20 19 

Distance across prezygapophyses. 60 60 

Antero-posterior diameter of postzygapophyses. 26 19 


Transverse diameter of postzygapophyses. 

Distance across postzygapophyses. 

Vertical diameter of anterior face for head of rib. 

Horizontal diameter of anterior face for head of rib 

Vertical diameter of posterior face for head of rib. 

Horizontal diameter of posterior face for head of rib... 
Antero-posterior diameter of surface for tubercle of rib. 

Vertical diameter of surface for tubercle of rib. 

Transverse diameter of pedicel. 

Antero-posterior diameter of pedicel. 

Distance between faces for head of rib. 

Height of spine from neural canal to extremity. 

Antero-posterior diameter of spine above neural canal. . 
Antero-posterior diameter of spine at top. 


21 r. 18, 1. 15 


66 

27 

38 

35 

29 

30 
20 
40 
30 

3 

240 

45 

34 


55 

25 

28 

28 

23 

23 

20 

32 

25 

2 

163 

30 

22 


1712, 

mm. 

295 

129 

65 

41 

38 

50 

47 

55 

102 

26 

26 

r. 23, 1. 27 
22 
62 

18 

r. 16, 1. 14 
50 
32 
32 
32 
27 
17 
17 
30 
25 
2 

230 

35 

30 


1715, 

mm. 

233 

120 

52 

37 
27 
40 

38 
42 

77 

25 

22 

r. 20, 1. 16 
15 
50 
22 
15 
42 
25 
25 
27 
17 
15 
15 
30 
24 
1 

167 

32 

22 


Fifth Dorsal Vertebra. 

Three specimens of the fifth dorsal of Moropus were recovered in the Agate 
Spring Quarries, No. 1604, No. 1712, and No. 1713. The vertebra of No. 1604 is 

26 Numbers italicized indicate that they are only approximate, the specimen having been broken or 
restored. 
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rather defective. The anterior face of the centrum was lost and has been restored. 
The extremities of both transverse processes were more or less mutilated and the 
upper end of the dorsal spine was gone. No. 1712 (see Fig. 43) is a practically 
perfect specimen, somewhat smaller than No. 1604. With its well-preserved 
surfaces before him, Mr. Peterson has been able to repair specimen No. 1604 in an 
excellent manner. No. 1713 has lost the epiphyses of the centrum and is badly 
crushed and distorted about the neural arch. 

The spine of the fifth dorsal is somewhat shorter than that of the preceding 
vertebra, and in horizontal cross-section at its origin is almost equilaterally tri¬ 
angular. It preserves almost the same antero-posterior diameter from the base 
to the extremity, though at the tip it is, as all of the dorsal vertebrae, somewhat 
swollen to form ligamentary attachments. The transverse processes have a 
rather well defined mammillary projection the transverse diameter of which is 
fully twice that of the antero-posterior dimension. The articulating face for the 
tubercle of the rib is separated from the mammillary by a shallow constriction, 
deeper below than above, and looks outward and slightly forward. The prezy- 
gapophyses are relatively small, look upward and slightly forward. The post- 
zygapophyses are quite small and look downward and somewhat inward. The 
upper margin of the centrum on its outer fourth rolls upward more than in the 
fourth dorsal to assist in forming the back wall of the exit for the spinal nerve. 
The anterior and posterior articulating faces of the centrum are vertical in position, 
the former slightly convex, the latter slightly concave, as is the case in the pre¬ 
ceding and succeeding vertebrae. In specimen No. 1604 there is in the posterior 
face of the transverse process a transversely longitudinal depression already indi¬ 
cating the commencement of the formation of the shaft of the metapophysis. 
This does not appear in specimen No. 1712. It is reproduced, however, in suc¬ 
ceeding vertebrae, as will be shown. 

Measurements of Fifth Dorsal Vertebra. 27 

1604, 1712, 1713, 


mm. mm. mm. 

Greatest height from base of centrum to top of spine. 285 283 255 

Greatest transverse diameter measured across transverse processes. 154 130 120 

Greatest antero-posterior diameter measured from front of prezygapophyses to 

back of postzygapophyses.^. 72 58 63 

Length of centrum along floor of neural canal. 47 42 38 

Length of centrum along inferior surface. 40 38 30 

Vertical diameter of anterior face of centrum. 50 44 43 

Transverse diameter of anterior face of centrum. 46 44 45 


27 All numbers in italics denote approximate measurements, the specimens being broken or restored. 
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Horizontal diameter of surface for tubercle of rib. 


Distance between faces for head of rib. 


53 

47 

48 

10G 

98 

93 

28 

27 

u 

23 

23 

n 

20 

16 

15 

19 

r. 16, 1. 19 

23 

57 

57 

60 

27 

r. 15, 1. 12 

15 

1G 

14 

r. 30, 1. 25 

58 

44 

47 

30 

30 

28 

33 

30 

28 

35 

3G 

30 

30 

28 

28 

22 

20 

20 

16 

19 

17 

39 

34 

30 

30 

2G 

22 

5 

r. 5, 1. 2 

r. 1, 1. 10 

230 

217 

202 

40 

32 

33 

40 

34 

28 


The Sixth Dorsal. 

Four specimens of the sixth dorsal of Moropus were recovered, Nos. 1604, 
1713, 1714, and 1715. Of these No. 1604 is more nearly perfect than any of the 
others, but has sustained some injuries. No. 1715, the smallest of the four, is 
likewise nearly perfect except for some crushing in the region of the postzygapo- 
physes. Nos. 1713 and 1714 have lost the epiphysial faces of the centra both 
before and behind, and 1713 is malformed, having apparently during the life of 
the animal received injuries leading to a shortening of the left pedicel and the 
consequent twisting of the dorsal spine to the left. The opening of the neural 
canal in this specimen is likewise from the same cause abnormal, its longest (verti¬ 
cal) axis being thrown toward the left side. 

The spine of the sixth dorsal is shorter than that of its predecessor, though 
elongated. It is not greatly diminished in its antero-posterior diameter at its 
extremity. The transverse process behind shows a deep longitudinal depression 
marking the posterior boundary of the nascent metapophysis, which lies on the 
upper side of the process as a ridge, terminating broadly at the outer tubercular 
extremity of the process in a mammillary protuberance which in this vertebra is 
separated from the lower part of the end of the process bearing the face for the 
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tubercule of the rib by a very faint depression. This depression grows deeper as 
we follow it in the succeeding vertebrse. The outer fourths of the posterior arti¬ 
culating surface of the centrum (the upper margins of the posterior articulating 
faces for the heads of the ribs) are still more strongly bent upward than in the 
fifth dorsal, and are widened antero-posteriorly, 
so as to form a deep groove for the exit of the 
nerve from the spine, composing about three- 
fourths of the circumference of the intervertebral 
foramen in specimens 1604 and 1713. In speci¬ 
mens 1714 and 1715 this feature is not so strongly 
marked. The anterior and posterior faces of the 
centra are practically vertical. The prezyga- 
pophyses look upward and very slightly forward; 
the postzygapophyses look downward, slightly 
backward, and very slightly inward. The faces 
for the tubercle of the rib are suboval or nearly 
circular, and look outward and slightly down¬ 
ward. As has been noted in the case of the pre¬ 
ceding vertebrse, there is a very shallow keel-like 
projection on the under side, formed by an ante¬ 
rior and posterior projection of the cartilaginous 
epiphysis, which are shown in specimen No. 1714 to have been received into shallow 
grooves or notches on the lower side of the centrum in the early life of the animal. 
These features are largely obliterated in the older and larger specimens, where a 
complete ossification has taken place. The distance between the articulating 
faces for the head of the ribs begins to increase in the sixth dorsal. In the pre¬ 
ceding vertebrae they are very close to each other. The anterior face in this vertebra 
at its upper margin is thrown forward, being borne in its upper half upon a short 
pedicel, the superior margin of which assists in forming the lower margin of the 
intervertebral foramen. 



Fig. 50. Sixth dorsal of M. elatus (No. 
1604). XJ. 


Measurements op Sixth Dorsal Vertebra. 28 



1604, 

1713, 

1714, 

1715, 


mm. 

mm. 

mm. 

mm. 

Greatest height from base of centrum to top of spine. 

260 

242 

197 

196 

Greatest transverse diameter measured across transverse processes.. 

lift 

121 

113 

103 

Greatest antero-posterior diameter measured from front of pre- 
zygapophyses to back of postzygapophyses. 

77 

68 

68 

56 


28 Numbers in italics denote approximate dimensions* the specimen being broken or restored. 
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Length of centrum along floor of neural canal. 

50 

32 

32 

33 

Length of centrum along inferior surface. 

45 

31 

25 

33 

Vertical diameter of anterior face of centrum. 

47 

W 

37 

38 

Transverse diameter of anterior face of centrum. 

51 

W 

44 

38 

Vertical diameter of posterior face of centrum. 

Transverse diameter of posterior face of centrum including faces for 

52 

42 

38 

38 

head of ribs. 

102 

90 

78 

72 

Vertical diameter of neural canal. 

22 

24 

23 

22 

Transverse diameter of neural canal. 

27 

24 

22 

22 

Antero-posterior diameter of prezygapophyses. 

IS 

16 

15 

r. 14, L 12 

Transverse diameter of prezygapophyses. 

15 

18 

12 

r. 17, 1. 13 

Distance across prezygapophyses. 

52 

55 

44 

44 

Antero-posterior diameter of postzygapophyses. 

27 

21 

13 

20 

Transverse diameter of postzygapophyses. 

16 

13 

13 

10 

Distance across postzygapophyses.:. 

59 

4S 

37 

40 

Horizontal diameter of anterior face for head of rib. 

31 

22 

17 

18 

Transverse diameter of anterior face for head of rib. 

35 

23 

24 

28 

Vertical diameter of posterior face for head of rib. 

31 

30 

22 

27 

Horizontal diameter of posterior face for head of rib. 

27 

23 

18 

IS 

Antero-posterior diameter of face for tubercle of rib. 

22 

24 

19 

15 

Transverse diameter of face for tubercle of rib. 

22 

23 

19 

16 

Transverse diameter of pedicel. 

39 

32 

26 

26 

Antero-posterior diameter of pedicel. 

26 

28 

22 

21 

Distances between faces for head of rib. r 

h 10, 1. 6 

r. 12, 1. 8 

8 

6 

Height of spine from neural canal to extremity. 

200 

170 

150 

150 

Antero-posterior diameter of spine above neural canal. 

40 

33 

30 

28 

Antero-posterior diameter of spine at top. 

32 

29 

25 

21 


The Seventh Dorsal. 

We have four specimens of the seventh dorsal, Nos. 1604, 1703(7, 1713, and 
1714. The seventh dorsal of No. 1604 is nearly perfect except that it has sustained 
some injury from crushing near the origin of the spine. No. 1703(7 is perfect in 
the region of the centrum, but the upper end of the spine has sustained some in¬ 
juries, though not enough to prevent its length and general measurements to be 
ascertained. No. 1714 has lost the posterior epiphysis of the centrum, the end 
of the right transverse process, and has also sustained some injury to the spine a 
little above the middle, which has been repaired at this point. No. 1713 has lost 
the posterior epiphysis of the centrum, but is otherwise perfect. 

The length of the spine in this vertebra is much less than in the preceding 
vertebra. It rakes backward. The transverse process tends to increase in its 
vertical dimensions and both before and behind reveals deep longitudinal trans¬ 
verse depressions, forming the anterior and posterior boundaries of the nascent 
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metapophysis, which is still fused with the rest of the process and terminates 
exteriorly in a rugose mammillary extremity, between 
the lower margin of which and the rim of the tuber¬ 
cular facet is a shallow constriction. The distance 
between the articular faces for the heads of the ribs 
is greatly increased in this vertebra. The articulat¬ 
ing faces of the centrum are perpendicular. The 
prezygapophyses look almost directly upward, very 
slightly outward and forward. The postzygapoph- 
yses look downward, very slightly backward and in¬ 
ward. The articular faces for the tubercle of the rib 
look outward and a little forward. The upper half 
of the anterior face for the head of the rib is sup¬ 
ported as in the sixth dorsal, but lies farther back and 
more on the under side of the radix than in the pre¬ 
vertebra. The upper lip-like margin of the _ T W1 

posterior face for the head of the rib assists, as in 

the sixth dorsal, in forming a considerable portion of the posterior wall of the inter¬ 
vertebral foramen. 

Measurements of Seventh Dorsal Vertebra. 29 



1604, 

1703(7, 

1713, 

1714, 


mm. 

mm. 

mm. 

mm. 

Greatest height from base of centrum to top of spine. 

Greatest transverse diameter measured across transverse proc¬ 

245 

194 

238 

195 

esses . 

Greatest antero-posterior diameter measured from front of pre¬ 

134 

98 

128 

118 

zygapophyses to back of postzygapophyses. 

n 

60 

70 

60 

Length of centrum along floor of neural canal. 

50 

41 

39 

40 

Length of centrum along inferior surface. 

48 

39 

40 

36 

Vertical diameter of anterior face of centrum. 

47 

38 

46 

38 

Transverse diameter of anterior face of centrum. 

50 

42 

54 

45 

Vertical diameter of posterior face of centrum. 

Transverse diameter of posterior face of centrum including faces 

50 

39 

46 

37 

for head of ribs. 

100 

65 

90 

75 

Vertical diameter of neural canal. 

26 

18 

24 

23 

Transverse diameter of neural canal. 

26 

20 

24 

23 

Antero-posterior diameter of prezygapophyses. 

20 

r. 20, 1. 15 

15 

15 

Transverse diameter of prezygapophyses. 

r. 16, 1. 20 

r. 16,1. 13 

17 

17 

Distance across prezygapophyses. 

60 

38 

55 • 

48 

Antero-posterior diameter of postzygapophyses.. 

26 

23 

24 

r. 15, L 17 


29 Numbers in italics represent approximate measurements. 
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Transverse diameter of postzygapophyses. 

16 

14 

15 

r. 11, 1. 12 

Distance across postzygapophyses. 

60 

39 

48 

37 

Greatest horizontal diameter of anterior face for head of rib. 

26 

12 

20 

14 

Transverse diameter of anterior face for head of rib. 

32 

22 

27 

22 

Greatest vertical diameter of posterior faee for head of rib. 

30 

22 

28 

20 

Greatest horizontal diameter of posterior faee for head of rib.... 

30 

16 

23 

20 

Greatest antero-posterior diameter of face for tubercle of rib. ... 

20 

20 

22 

20 

Greatest vertical diameter of face for tuberele of rib. 

22 

22 

22 

17 

Transverse diameter of pedicel. 

31 

20 

26 

25 

Antero-posterior diameter of pedieel. 

26 

24 

23 

22 

Distance between faees for head of rib. 

18 

18 

r. 8, 1. 15 

3 

Height of spine from neural canal to extremity. 

ISO 

145 

173 

145 

Antero-posterior diameter of spine above neural canal . 

40 

33 

35 

30 

Antero-posterior diameter of spine below tuberele at top. 

30 

20 

25 

20 


Eighth Dorsal Vertebra. 

Unfortunately no specimen of the eighth dorsal was found in any of the 

material collected except the centrum of a large 
and fully adult specimen which has received the 
Catalogue Number 1731. This was associated 
with the centra of the 9th and 10th dorsals of 
the same individual. The specimens came from 
Quarry No. 2 and were found by Mr. Utterback 
as surface fragments lying close together. This 
centrum has been employed in reproducing the 
eighth dorsal in the mounted specimen. The 
spine, the postzygapophyses, and the transverse 
processes are modelled after the analogies of the 
seventh and ninth vertebrae, of which we have well- 
preserved specimens, so that a very close approxi¬ 
mation to the true form of the bone has been effected. 



(No 1731). Xh 


Measurements of Eighth Dorsal Vertebra. 30 

1604, 1731, 


mm. mm. 

Greatest height from base of eentrum to top of spine. 2Jfi 

Greatest transverse cliameter measured aeross transverse proeess. lJfi 

Greatest antero-posterior diameter measured from front of prezj^gapophyses to back of post¬ 
zygapophyses . 83 

Length of centrum along floor of neural canal. 53 50 

Length of centrum along inferior surface. 48 42 

30 Figures in italics are approximate only, the specimen having been restored. 
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Vertical diameter of anterior face of centrum. 48 45 

Transverse diameter of anterior face of centrum. 55 55 

Vertical diameter of posterior face of centrum. 53 50 

Transverse diameter of posterior face of centrum. 60 60 

Vertical diameter of neural canal. 25 25 

Transverse diameter of neural canal. 30 30 

Antero-posterior diameter of prezygapophyses. 20 22 

Transverse diameter of prezygapophyses. 20 18 

Distance across prezygapophyses. 54 54 

Antero -posterior diameter of postzygapophyses. 25 

Transverse diameter of postzygapophyses. 18 

Distance across postzygapophyses.. 58 

Vertical diameter of anterior face for head of ribs. 27 25 

Horizontal diameter of anterior face for head of ribs. 17 17 

Vertical diameter of posterior face for head of ribs. 24 23 

Horizontal diameter of posterior face for head of ribs. 24 23 

Antero-posterior diameter for tubercle of ribs. 25 

Vertical diameter for tubercle of ribs. 25 

Transverse diameter of pedicel. 32 29 

Antero-posterior diameter of pedicel. 34 33 

Distance between faces for heads of ribs. 24 24 

Height of spine from neural canal to extremity. 175 

Antero-posterior diameter of spine above neural canal. 40 

Antero-posterior diameter of spine at top below tubercle. 32 


Ninth Dorsal Vertebra. 


Three specimens representing the ninth dorsal of Mor opus were found: No. 
1604, in an excellent state of preservation; No. 1714, likewise in a good state of 
preservation, except that it has lost the posterior 
epiphysis of the centrum; and the centrum of speci¬ 
men No. 1731, preserving together with the corpus 
the anterior prezygapophyses and portions of the 
laminae forming the neural arch. The specimen 1714 
is that of a quite small and immature individual. 

The spine of the ninth dorsal is very nearly the 
same height as that of the eighth and the tenth, 
and is somewhat strongly excavated anteriorly at 
the upper end of its extremity and has at the end 
a strongly developed tubercle for ligamentary at¬ 
tachments. The prezygapophyses in Number 1604 

look forward more decidedly than in specimens Fm 53 Ninth dorsal of M _ elalus 
Nos. 1714 and 1731. The postzygapophyses look (No. 1604). xi 
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backward, downward, and very slightly inward. The transverse processes display 
an advance over the preceding vertebrae in the development of the metapophysis. 
The terminal portion of the transverse process is marked about its middle by a 
moderately deep sulcus separating the articulating face for the rib from the superior 
mammillary process which is directed strongly upward, terminating the outer 
extremity of the superior portion of the lamina which begins in this vertebra more 
distinctly to separate itself as an upward extension from the radix. The distance 
between the articulating faces for the heads of the ribs is distinctly greater than 
in the preceding vertebra. The anterior articulating surface in all the specimens 
appears to be supported upon a very short pedicel the superior margin of which 
forms a portion of the inferior boundary of the intervertebral foramen. The 
upper lip of the posterior articulating face for the head of the rib is, as in the pre¬ 
ceding vertebra, carried upward and thickened antero-posteriorly in such a way 
as to largely form the posterior margin of the intervertebral foramen, three-fourths 
of the boundaries of which are included within the ninth vertebra. 


Measurements of Ninth Dorsal Vertebra . 31 


pophyses to back of postzygapophyses. 

Length of centrum along floor of neural canal. 

Length of centrum along inferior surface. 

Vertical diameter of anterior face of centrum. 

Transverse diameter of anterior face of centrum. . . 

Vertical diameter of posterior face of centrum. 

Transverse diameter of posterior face of centrum im 

of ribs. 

Vertical diameter of neural canal. 

Transverse diameter of neural canal. 

Antero-posterior diameter of prezygapoph 3 T ses. 

Transverse diameter of prezj^gapophyses. 

Distance across prezygapopli 3 r scs. 

Antero-posterior diameter of postzygapophyses. . .. 

Transverse diameter of postzygapophyses. 

Distance across postzygapophyses. 

Vertical diameter of anterior face for head of ribs. .. 
Horizontal diameter of anterior face for head of rib. 
Vertical diameter of posterior face for head of rib. . 


1604, mm. 

1714, mm. 

1731, mm. 

. 235 

153 


. . 

. 130 

94 



L- 

90 

75 



54 

42 


52 

52 

85 


49 

52 

40 


47 

59 

47 


56 

54 

s 

40 


50 

95 

71 


78 

25 

21 


22 

25 

22 


25 

21 

21 


r. 20, 1. 26 

17 

15 


r. 15, 1. 18 

60 

45 


48 

.r. 36, 1. 31 

r. 23, 1. 

18 


17 

r. 15, 1. 

§32 


56 

43 



27 

14 


IS 

15 

10 


17 

25 

22 


22 


31 Numbers italicized denote approximate measurements. 

32 The left postzygapophysis is dwarfed. 
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Horizontal diameter of posterior face for head of rib 
Antero-posterior diameter of face for tubercle of rib.... 

Transverse diameter of face for tubercle of rib. 

Transverse diameter of pedicel. 

Antero-posterior diameter of pedicel. 

Distance between faces for head of ribs. 

Height of spine from neural canal to extremity. 

Antero-posterior diameter of spine above neural canal. . 
Antero-posterior diameter of spine at top below tubercle 


20 

17 

20 

25 

17 

.. 

22 

16 

.. 

33 

23 

27 

35 

28 

33 

26 

25 

n 

168 

97 

.. 

40 

32 

.. 

30 

24 

, m 


The Tenth Dorsal Vertebra. 

Three specimens representing the tenth dorsal were recovered, No. 1604, 
No. 1713, and the centrum of No. 1731. No. 1604 preserves a considerable portion 
of the centrum, though greatly injured on the anterior face, which has been restored. 
The entire neural arch, the right transverse process, and the spine are well pre¬ 
served in this specimen. The extremity of the left transverse process was broken 
and has been restored to conform to the process on the right, which is well pre¬ 
served. In specimen No. 1713 the bone is quite com¬ 
plete, lacking only the posterior epiphysis of the centrum 
and the articulating face for the tubercle of the rib on 
the left side. Specimen No. 1713 is evidently that of an 
immature animal somewhat smaller than specimen No. 

1604. There is considerable difference in the form of the 
upper end of the spine. The tubercular thickening at the 
extremity of the spine is not nearly so massive, though 
quite as broad, as in specimen No. 1604. The centrum 
of specimen No. 1731 is well preserved, though the articu¬ 
lating surfaces for the heads of the rib have sustained 
considerable damage. The prezygapophyses are preserved 
in position in this specimen and enough of the neural 
arch to indicate approximately the correct measurements; 
the transverse processes and the spine are lost. 

The length of the spine in the tenth dorsal is very nearly the same as in the 
preceding and succeeding dorsals. At the upper extremity it is rugose and greatly 
thickened for ligamentary attachments. In specimen No. 1604 the upper ex¬ 
tremity of the spine is deeply excavated like the ninth dorsal in the same specimen 
and the upper extremity is somewhat falcate in outline. This backward curving 
of the superior half of the spine is not seen in specimen No. 1713. The prezyga¬ 
pophyses in No. 1604 look upward, strongly forward, and slightly outward. They 



Fig. 54. Tenth dorsal of M. 
elatus (No. 1604). X 











292 


MEMOIRS OF THE CARNEGIE MUSEUM. 


look much more strongly forward than in specimen No. 1713 and specimen No. 
1731. This forward aspect of the prezygapophyses is characteristic not only of 
this vertebra, but of all the succeeding vertebrae of the dorsal series in specimen 
No. 1604, and though it might be interpreted as a possible result of age in this 
large specimen, the writer is inclined to regard it as indicating with other things a 
specific difference. It is at all events a strongly marked and constant feature. 
The postzvgapophyses in specimen No. 1604, look backward and downward, 
almost imperceptibly inward; but more strongly inward in specimen No. 1713. 
The transverse process in the tenth dorsal indicates modifications in form which 
are noticeable. The articulating surface for the tuberculum of the rib is separated 
from the mass of the transverse process by a narrow sulcus which is deeper below 
than above. The mammillary process is elevated and extended forward as a sharp 
anterior projection overhanging the prezygapophyses. The articulating faces 
for the heads of the ribs are widely separated and the superior margin of the pos¬ 
terior articulating surface for the head of the rib is strongly bent upward as a lip¬ 
like projection, forming a large portion of the posterior margin of the intervertebral 
foramen. In specimen No. 1713 a small posterior projection from the back of the 
lamina above is sent forth to meet this lip-like projection, so that a very large 
portion of the intervertebral foramen is enclosed within the bone of the vertebra. 


Measurements op Tenth Dorsal Vertebra . 33 

1604, 1713, 1731, 
mm. mm. mm. 

Greatest height from base of centrum to top of spine. 223 208 

Greatest transverse diameter measured across transverse processes. 123 109 

Greatest antero-posterior diameter measured from front of prezygapophyses to back of 

postzygapopli 3 r ses. 84 77 

Length of centrum along floor of neural canal. 52 46 56 

Length of centrum along inferior surface. 4S Jfi 52 

Vertical diameter of anterior face of centrum. 4S 48 52 

Transverse diameter of anterior face of centrum. 58 52 65 

Vertical diameter of posterior face of centrum. 60 48 56 

Transverse diameter of posterior face of centrum including faces for heads of ribs. 93 83 92 

Vertical diameter of neural canal. 25 22 23 

Transverse diameter of neural canal. 25 22 23 

Antero-posterior diameter of prezj^gapophj^ses. 26 28 27 

Transverse diameter of prezygapophyses. 16 15 17 

Distance across prezygapophyses. 54 54 60 

Antero-posterior diameter of postzygapophyses. 32 27 

Transverse diameter of postz 3 T gapophyses. 15 17 

Distance across postz 3 r gapophyses. 50 50 

33 Figures in italics denote approximate measurements, 
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Vertical diameter of anterior face for heads of ribs. 24 22 17 

Horizontal diameter of anterior face for head of rib. 18 13 16 

Vertical diameter of posterior face for head of rib. 30 27 25 

Horizontal diameter of posterior face for head of rib. 22 20 22 

Antero-posterior diameter of face for tubercle of rib. 24 22 

Transverse diameter of face for tubercle of rib. 22 24 

Transverse diameter of pedicel. 25 26 32 

Antero-posterior diameter of pedicel. 37 34 35 

Distance between faces for head of rib. 28 22 30 

Height of spine from neural canal to extremity. .. 158 142 

Antero-posterior diameter of «pinc above neural canal. 45 40 

Antero-posterior diameter of spine at top. 30 28 


The Eleventh Dorsal Vertebra. 


But two specimens representing this element in the dorsal series were found. 
The first belongs to the series of dorsals designated in the Carnegie Museum 
Catalogue of Vertebrate Fossils as 1703C (see Fig. 56). It is very well preserved 




Fig. 55. Restoration in outline of eleventh dorsal 
of M. elatus (No. 1604). X J. 


Fig. 56. Eleventh dorsal of M. peter soni (C. M. Cat. 
Vert. Foss. No. 1703C). Xh 


and has sustained practically no injuries whatever. The other is a centrum 
belonging to the series numbered 1708. Using these specimens as models, Mr. 
Peterson has made for the mounted specimen No. 1604 an enlargement, modified 
so far as the end of the spine and the articulating faces are concerned in order to 
adjust itself to the preceding and succeeding vertebrse in No. 1604 (see Fig. 55). 
In specimen No. 1708 the anterior margins of the prezygapophyses agree more 
nearly with the same surfaces in No. 1604 and look more directly forward than 
they do in the smaller specimen, showing that No. 1708 is a specimen of Moropus 
elatus Marsh. 
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The spine of dorsal eleven is of the same relative height as the dorsals which 
precede and succeed it. At the upper extremity of the spine it is enlarged for 
ligamentaiy attachments and is concave anteriorly and convex posteriorly in such 
a way as to give the upper extremity of the spine a slightly falcate outline. The 
prezygapophyses in No. 1703C look upward and slightly outward; in No. 1708 
they look upward and strongly forward. The postzygapophyses look backward 
and downward and very slightly inward. The transverse processes are bi-tuber- 
culate at their extremity, the upper or mammillary portion being considerably 
elevated, the lower and outer portion, bearing the tuberculum of the rib, looking 
outward and slightly forward. The faces for the heads of the ribs are well separated 
from each other. 

Measurements of Eleventh Dorsal Vertebra .* 4 


1604, 1703C, 1708, 
mm. mm. mm. 

Greatest height from base of centrum to top of spine. 222 166 

Greatest transverse diameter measured across transverse processes. ISO 96 

Greatest antero-posterior diameter measured from front of prezygapophyses to back of 

postzygapopl^ses. 84 78 

Length of centrum along floor of neural canal. 56 44 56 

Length of centrum along inferior surface. 45 37 45 

Vertical diameter of anterior face of centrum. 60 35 55 

Trans’^ erse diameter of anterior face of centrum. 63 43 56 

Vertical diameter of posterior face of centrum. 60 38 54 

Transverse diameter of posterior face of centrum including faces for heads of ribs. 92 65 90 

Vertical diameter of neural canal. 25 21 21 

Transverse diameter of neural canal. 25 21 21 

Antero-posterior diameter of prezygapophyses. 25 18 30 

Transverse diameter of prezygapophyses. IS * 12 18 

Distance across prezygapophyses. 48 41 54 

Antero-posterior diameter of postzygapophyses. SO 19 27 

Transverse diameter of postzygapophyses. 16 13 20 

Distance across postzygapophyses. 57 39 56 

Vertical diameter of anterior face for head of ribs. 25 19 20 

Horizontal diameter of anterior face for head of ribs. 20 12 16 

Vertical diameter of posterior face for head of ribs. 25 23 23 

Horizontal diameter of posterior face for head of ribs. 20 17 20 

Antero-posterior diameter of face for tubercle of ribs. 17 18 

Vertical diameter of face for tubercle of ribs. 23 20 

Transverse diameter of pedicel. 31 21 30 

Antero-posterior diameter of pedicel. 34 25 34 

Distance between faces for heads of ribs. 28 20 30 

Height of spine from neural canal to extremity. 157 118 

Antero-posterior diameter of spine above neural canal. 40 29 

Antero-posterior diameter of spine at top below tubercular enlargement. 4® 21 

34 Figures in italics denote approximate measurements. 
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Twelfth Dorsal Vertebra. 

Five specimens representing this member of the vertebral series were re¬ 
covered: No. 1604, No. 1703(7, No. 1708, No. 1713, and No. 1715. Specimen 
No. 1604 consists of the centrum, the neural arch, the lower half of the spine, the 
left transverse process, which has been very slightly in¬ 
jured, and the base of the right transverse process, the 
extremity being lost (see Fig. 57). No. 1703(7 consists 
of a well-preserved centrum, the neural arch, and the 
lower two-thirds of the spine. The right transverse 
process has been well preserved; the left transverse 
process has been broken off near its end. No. 1708 
is a fragment of the centrum. No. 1713 is complete 
except for the loss of the posterior epiphysis of the 
centrum. Specimen No. 1715 is almost perfect with 
exception of the face for the tubercle of the rib on 
the right side, which has sustained injury; it is also 
slightly waterworn on the articulating faces of the 
centrum; no injury has been sustained by the spine. 

With the help of the latter specimen Mr. Peterson was 
able to repair the specimen belonging to No. 1604 in such a way as to leave no 
doubt as to the correctness of the restoration. 

The spine of the twelfth dorsal vertebra has about the same height as that 
of the vertebra preceding and succeeding it. Its upper extremity, like that of its 
predecessor, is somewhat bent, giving its upper end a hooked appearance. At 
the tip it is broadened transversely to form ligamentary attachments. In speci¬ 
men No. 1604 the prezygapophyses look upward and strongly forward; the post- 
zygapophyses look backward and somewhat downward, very slightly inward. 
The transverse process at its extremity .is broadened vertically. The mammillary 
process having a sharpened projection which overhangs the prezygapophyses, the 
surface for the tubercle of the rib looks outvfard and slightly forward. The articu¬ 
lating faces for the heads of the ribs are widely separated and are relatively smaller 
than in the case of the preceding vertebra. 

Measurements of Twelfth Dorsal Vertebra , 35 



1604, 

1703C, 1708, 

1713, 

1715, 


mm. 

mm. mm. 

mm. 

mm. 

Greatest height from base of centrum to top of spine. 

Greatest transverse diameter measured across transverse proc¬ 

214 


217 

154 

esses .. 

117 

90 

118 

95 

35 Numbers in italics represent approximate measurements, 

the specimens being broken 

or restored. 






296 


MEMOIRS OF THE CARNEGIE MUSEUM. 


Greatest antero-posterior diameter measured from front of pre- 


zvgapophyses to back of postzygapophyses. 

86 

62 


77 

61 

Length of centrum along floor of neural canal. 

56 

40 

56 

42 

40 

Length of centrum along inferior surface. 

45 

37 

45 

40 

37 

Vertical diameter of anterior face of centrum. 

50 

33 

50 

50 

38 

Transverse diameter of anterior face of centrum.*. 

62 

45 


54 

48 

Vertical diameter of posterior face of centrum. 

60 

40 

60 

50 

48 

Transverse diameter of posterior face of centrum including 

DP 

r> 





faces for heads of ribs. 

95 

70 

97 

90 

70 

Vertical diameter of neural canal. 

25 

23 

25 

21 

22 

Transverse diameter of neural canal . 

27 

23 


22 

22 

Antero-posterior diameter of prezygapophyses. 

30 

22 


24 

23 

Transverse diameter of prezygapophyses. 

18 

13 


15 

12 

Distance across prezygapophyses. 

60 

45 


48 

44 

Antero-posterior diameter of postzygapophyses. 

23 r. 

22, 1. 24 


r. 26, 1. 22 

20 

Transverse diameter of postzygapophyses. 

.r. 22, 1. 15 r. 

14, L 12 


14 

12 

Distance across postzygapoplryses. 

57 

42 


48 

42 

Vertical diameter of anterior face for head of rib. 

20 

20 


17 

15 

Horizontal diameter of anterior face for head of rib. 

16 

12 


12 

9 

Vertical diameter of posterior face for head of rib. 

27 

22 

25 

n 

17 

Horizontal diameter of posterior face for head of rib. 

23 

19 

22 

21 

17 

Antero-posterior diameter of face for tubercle of rib. 

22 

17 


21 

15 

Vertical diameter of face for tubercle of rib. 

20 

18 


20 

17 

Transverse diameter of pedicel. 

32 

20 


23 

20 

Antero-posterior diameter of pedicel. 

37 

28 


35 

28 

Distance between faces for heads of ribs.. 

28 

20 


20 

29 

Height of spine from neural canal to extremity. 

140 



143 

98 

Antero-posterior diameter of spine above neural canal. 

40 

32 


38 

30 

Antero-posterior diameter of spine at top. 

50 



38 

20 

The Thirteenth Dorsal 

Vertebra. 






Two specimens representing this bone were found, No. 1604 and No. 1703(7. 
Specimen No. 1604 is in almost perfect condition, having sustained practically 
no injury except of a very minor character on the margin of the right postzyga- 
pophysis (see Fig. 58). Specimen Nq. 1703(7 is likewise a very perfect specimen 
(see Fig. 59), though slightly malformed as if through the dislocation on the right 
side of one of the ribs, for which a false attachment has been formed on the side 
of the centrum below and behind. 

The spine of the thirteenth cervical is broad at its upper extremity, flattened, 
and viewed laterally, produced strongly backward on its upper two-thirds, and 
also produced forward. In specimen 1604 the prezygapophyses are flattened 
surfaces lying on either side of the neural canal, their anterior lips almost reaching 

































HOLLAND AND PETERSON: OSTEOLOGY OF THE CHALICOTHEROIDEA. 297 


the upper margin of the centrum. They look upward and strongly forward. In 
the other two specimens the prezygapophyses look upward, forward, and outward, 
but are widely separated from the upper margin of the centrum. The postzyga- 
pophyses look backward, downward, and slightly inward, and are advanced back¬ 
ward, being supported by a backward projection from the radix, forming a pedicel 
for these faces. The transverse process becomes trituberculate, the upper portion 
immediately in advance of the postzygapophyses extends transversely forward 
as an elevated ridge of bone, from which about half-way between the postzyga- 



Fig. 58. Thirteenth dorsal of M. ela - 
ius (No. 1604). Xb 



Fig. 59. Thirteenth dorsal of M. peter-soni (No. 17 
03C). Xb lateral view; 2, posterior view. 


pophyses and the articulating face for the tuberculum of the rib a well-defined 
metapophysis rises, pointing outward and forward. Between this metapophysial 
projection and the face for the tuberculum of the rib is a somewhat conical process, 
which projects backward, outward, and upward. The intervertebral foramen is 
formed by a deep groove running outwardly between the transverse process and 
the posterior articulating surface for the head of the rib, the upper margin of which 
closely approaches a spinous projection extending backward from the posterior 
surface of the radix so as almost to enclose the groove. The articular faces 
for the heads of the ribs are widely separated, the one in front being small and 
tending to coalesce with the face for the tubercle of the rib and that behind being 
fully three times as large as that in front. 
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Measurements of Thirteenth Dorsal Vertebra . 30 

1604, 1703(7, 

* 

mm. mm. 

Greatest height from base of centrum to top of spine. 210 155 

Greatest transverse diameter measured across transverse processes. .. 116 96 

Greatest antero-posterior diameter measured from front of prezygapophyses to back 

of postzygapophyses. 84 68 

Length of centrum along floor of neural canal. 55 43 

Length of centrum along inferior surface. 49 38 

Vertical diameter of anterior face of centrum. 55 40 

Transverse diameter of anterior face of centrum. 67 46 

Vertical diameter of posterior face of centrum. 62 42 

Transverse diameter of posterior face of centrum. 98 75 

Vertical diameter of neural canal. 25 21 

Transverse diameter of neural canal. 27 21 

Antero-posterior diameter of prezygapophyses. 27 r. 20, 1. 22 

Transverse diameter of prezygapophyses. 15 13 

Distance across prezygapophyses. 55 44 

Antero-posterior diameter of postzygapophyses.r. 25, I. 16 26 

Transverse diameter of postzygapophyses.r. 20, 1 13 16 

Distance across postzygapophyses. 56 42 

Vertical diameter of anterior face for head of rib. 17 17 

Horizontal diameter of anterior face for head of rib. 16 11 

Vertical diameter of posterior face for head of rib. 26 19 

Horizontal diameter of posterior face for head of rib. 22 16 

Antero-posterior diameter of face for tubercle of rib. 23 14 

Vertical diameter of face for tubercle of ribs. 35 15 

Transverse diameter of pedicel. 28 19 

Antero-posterior diameter of pedicel. 38 32 

Distance between faces for heads of ribs. 30 23 

Height of spine from neural canal to extremity. 135 105 

Antero-posterior diameter of spine above neural canal. 44 38 

Antero-posterior diameter of spine at top below tubercular enlargement. 57 34 

Height of metapophysis above upper margin of prezygapophysis. 29 19 

The Fourteenth Dorsal Vertebra. 

Three specimens of the fourteenth dorsal vertebra of Moropus were discovered, 
No. 1604, No. 1703C, and No. 1713. No. 1604 is an almost perfect bone, having 
only sustained some slight injuries on the posterior articulating face of the centrum 
through crushing, and the faces of the postzygapophyses and the upper extremity 
of the spine having been ven r slightly injured (see Fig. 60). No. 1703(7 is practically 
perfect, requiring no repair (see Fig. 61). No. 1713 is also perfect, except that it 
has lost the anterior and posterior epiphyses of the centrum. 

36 Numbers in italics represent approximate measurements. 
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The spine in this vertebra is of practically the same height as in the vertebra 
preceding and following it. It is compressed and flattened out in its upper half, 
viewed laterally, the posterior, margin being very strongly produced backward and 
the anterior margin being strongly produced forward. Its upper extremity and 
the backward enlargement above are thickened and roughened in order to support 



strong ligamentary attachments. This is very noticeable in specimens No. 1604 
and No. 1703(7. The prezygapophyses are reduced in size in specimen No. 1604, 
looking upward and strongly forward, their anterior extremities separated from 
the upper margin of the centrum by a shallow groove. In the other two specimens 
the anterior extremities of the prezygapophyses are much more widely separated 
from the anterior margin of the centrum. The postzygapophyses in all three 
specimens look backward, downward, slightly inward, and are supported upon 
peduncular backward prolongations formed at the point of union of the laminse 
and the contiguous portion of the radix. From these peduncular projections an 
elevated ridge of bone runs directly forward, and at about its middle the apophysis 
rises upward pointing slightly forward and outward. The height of the meta- 
pophysis in this vertebra is fully twice that of the height of the corresponding 
process in the 13th dorsal. Between the origin of the spine and the metapophysis 
there is a deep depression. The transverse process extends outward and back¬ 
ward, viewed laterally, having its outward extremity somewhat lunate in form. 
There is no articulating surface upon this process, the tubercle of the fourteenth 
rib being only indicated by a slight swelling. The articulating faces for the heads 
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of the ribs are very widely separated, the anterior face looking outward, downward, 
and slightly forward. The posterior articulating face for the head of the rib is 
carried upon a rugose protuberance located back of the opening for the inter¬ 
vertebral foramen. This face looks backward, outward, and slightly upward. 
In vertical cross-section the centrum of this vertebra as well as of those im¬ 
mediately preceding it from the eighth backward is subtriangular. This is true 
also of the succeeding vertebra and of the first three lumbars; less distinctly true, 
however, of the three posterior lumbar vertebra, which in cross-section become 
oval. 


Measurements of Fourteenth Dorsal Vertebra . 37 


Greatest height from base of centrum to top of spine. 

Greatest transverse diameter measured across transverse processes. . .. 
Greatest antero-posterior diameter measured from front of prezygapophyses 

to back of postzygapophyses. 

Length of centrum along floor of neural canal. 

Length of centrum along inferior surface. 

Vertical diameter of anterior face of centrum. 

Transverse diameter of anterior face of centrum. 

Vertical diameter of posterior face of centrum. 

Transverse diameter of posterior face of centrum. 

Vertical diameter of neural canal. 

Transverse diameter of neural canal. 

Antero-posterior diameter of prezygapophyses. 

Transverse diameter of prezygapophyses. 

Distance across prezygapophyses. 

Antero-posterior diameter of postzygapophyses. 

Transverse diameter of postzygapophyses. 

Distance across postzygapophyses. 

Vertical diameter of anterior face for head of rib. 

Horizontal diameter of anterior face for head of rib. 

Vertical diameter of posterior face for head of rib. 

Horizontal diameter of posterior face for head of rib. 

Transverse diameter of pedicel above transverse process. 

Antero-posterior diameter of pedicel. 

Distance between posterior faces for heads of ribs. 

Height of spine from neural canal to extremity. 

Antero-posterior diameter of spine above neural canal. 

Antero-posterior diameter of spine at top. 

Height of metapophysis above upper margin of prezygapophysis. 

37 Numbers in italics indicate approximate measurements. 



1604, 

1703C, 

1715, 


mm. 

mm. 

mm. 


217 

161 

190 


124 

95 

112 

3 

84 

69 

82 


53 

44 

50 


46 

36 

85 


60 

40 

48 


64 

48 

48 


67 

44 

50 


97 

78 

90 


25 

20 

20 


27 

23 

22 


25, 1. . . 

r. 20, 1. 23 

23 

r. 

17, 1. .. 

r. 10, 1. 12 

15 


°4 

40 

48 


22 

22 

r. 25, 1. 29 

r. 

17, 1. 11 

13 

r. 17, 1. 18 


57 

40 

47 


23 

20 

20 


20 

17 

16 


28 

17 

26 


n 

15 

20 


20 

16 

23 


35 

30 

35 


37 

27 

30 


144 

110 

135 


42 

35 

40 


50 

40 

40 


40 

31 

37 
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The Fifteenth Dorsal Vertebra. 

Five specimens of the fifteenth dorsal were recovered, No. 1604, No. 1703C, 
No. 1708, No. 1713, and No. 1715. In the fifteenth dorsal a profound modification 
takes place in order to adapt it to union with the succeeding lumbar series. The 
articulating surfaces of the postzygapophyses look outward and downward, are 
convex, and are supported upon the posterior surfaces of the laminae, which divide 
on either side of the neural arch and project far backward, overhanging the pos¬ 
terior articulating face of the centrum. The metapophysis is greatly lengthened, 
the transverse process projects strongly outward. There is but one articu¬ 
lating facet for the head of the rib on the anterior face of the centrum. The 
specimen No. 1604 is in almost perfect condition and together with the fragment 
of No. 1708, as will be pointed out later, presents very remarkable differences 
from the other three specimens. No. 1703C is also an almost perfect specimen, 
the extremity of the right metapophysis alone having been slightly injured and 
requiring minor repairs. No. 1708 consists of a large centrum with pre- and 




Fig. 63. Fifteenth dorsal of M. petersoni (No. 17030). 
X 1, lateral view; 2 ; posterior view. 


postzygapophyses and the neural arch crushed down upon the centrum. Specimen 
No. 1713 has lost the right metapophysis and the outer extremity of the transverse 
process on the same side. The bone is slightly distorted, the distortion having 
apparently taken place during the life of the individual. The right postzyga- 
pophysis is lower than the left and has been crushed inwardly, showing that the 
individual to which it belonged had sustained spinal injuries. The posterior 
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epiphysis of the centrum is also missing. Specimen No. 1715 is a remarkably 
perfect little specimen, having sustained practically no injury whatever, all the 
processes and the articulating surfaces being well preserved. 

The dorsal spine in this vertebra is flattened. Viewed laterally, it projects 
strongly forward at its upper end, less prominently on its posterior margin. It is 
thickened transversely at its upper extremity and is rugose. The laminse pos¬ 
teriorly strongly overhang the centrum, and the postzygapophyses look outward, 
downward, and slightly backward. They are connected with the metapophysis 
by a narrow elevated ridge of bone between which and the anterior point of union 
of the laminse is a deep cavity lying between the spine and the metapophysis. 
The transverse process in specimen No. 1604 is formed by a process extending 
horizontally from the upper surface of the centrum and by a process arising from 
the side of the centrum less than one-third of the distance from its upper surface, 
which projects horizontally outward and backward. These two projections are 
united near their extremities by an outward narrow lamella or bridge of bone, 
which is directed obliquely backward and downward from the lower surface of 
the upper process and continued backward as an oblique process, pointing back¬ 
ward and outward. The arch formed by the union of these three encloses a large 
foramen which apparently accommodated a branch of the nerve passing out through 
the vertebral foramen (see Fig. 62). The same structure is found in the broken 
centrum of specimen No. 1708. No trace of such an arrangement is to be found 
in specimens Nos. 1703C, 1713, and 1715, the transverse process in all of these 
being a blunt narrow spine (see Fig. 63). The writer is inclined to regard this 
remarkable modification of the transverse process as indicating among other 
things a specific difference, and it is employed by him as one of the diacritic points 
of distinction between Moropus elatus Marsh and Moropus petersoni Holland. 
The prezygapophyses in all of the specimens look upward and somewhat strongly 
forward, but in specimens Nos. 1604 and 1708 they look far more strongly forward 
than in any of the other specimens. Their anterior extremities in Nos. 1604 and 
1708 are almost contiguous with the upper margin of the centrum, from which 
they are only separated by a very narrow groove, whereas in the other three speci¬ 
mens there is relatively a great distance between their upper extremities and the 
upper margin of the centrum, which thej'' also overhang. In specimen No. 1604 
the prezygapophyses do not overhang the centrum, but their anterior extremities 
are located slightly behind the anterior margin; in specimen No. 1708 this feature 
is not so strongly marked. 
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Measurements of Fifteenth Dorsal Vertebra . 38 



1604, 

1703 C, 

1708, 

1713, 

1715, 


mm. 

mm. 

mm. 

mm. 

mm. 

Greatest height from base of centrum to top of spine_ 

212 

155 


200 

132 

Greatest transverse diameter measured across transverse 





processes. 

150 

120 


134* 

107 

Greatest .antero-posterior diameter measured from front 





of prezygapophyses to back of postzygapophyses... 

92 

81 

95 

71 

70 

Length of centrum along floor of neural canal. 

62 

52 

62 

52 

45 

Length of centrum along inferior surface. 

48 

40 

50 

42 

35 

Vertical diameter of anterior face of centrum. 

61 

44 

61 

50 

40 

Transverse diameter of anterior face of centrum. 

68 

52 

70 

55 

50 

Vertical diameter of posterior face of centrum. 

63 

42 

63 

52 

40 

Transverse diameter of posterior face of centrum. 

88 

65 

80 

82 

62 

Vertical diameter of neural canal. 

22 

21 

21 

21 

22 

Transverse diameter of neural canal. 

27 

22 

22 

23 

21 

Transverse diameter of prezygapophyses. 

.r. 17, 1. 15 r. 

13, 1. 15 

21 

r. 10, 1. 16 r. 

12, 1. 16 

Antero-posterior diameter of prezygapophyses. 

25 r. 

22, 1. 18 

30 

26 

16 

Distance across prezygapophyses. 

67 

38 

62 

50 

48 

Antero-posterior diameter of postzygapophyses. 

.r. 27, 1. 21 r. 

24, 1. 22 

28 

r. 30, 1. 25 

20 

Transverse diameter of postzygapophyses. 

26 

22 

80 

r. 30, 1. 25 

20 

Distance across postzygapophyses above. 

62 

42 


47 

42 

Vertical diameter of anterior face for head of rib. 

23 

18 

22 

21 

14 

Horizontal diameter of anterior face for head of rib. 

20 

14 

20 

16 

14 

Transverse diameter of pedicel above transverse process. 

14 

12 

18 

14 

14 

Antero-posterior diameter of pedicel. 

42 

30 


37 

25 

Distance between anterior face for head of rib and pos- 





terior margin. 

50 

40 

46 

38 

34 

Height of spine from neural canal to extremity. 

. 130 

111 


137 

90 

Antero-posterior diameter of spine above neural canal... 

46 

35 


42 

32 

Antero-posterior diameter of spine at top, approximate. . 

62 

45 


43 

30 

Height of metapophysis above prezygapophysis. 

48 

36 


42 

32 

The Lumbar 

Vertebrae. 






Four series of lumbar vertebrae in more or less perfect condition were recovered. 
In the case of No. 1604, the mounted specimen, the last three lumbars were missing, 
but specimen No. 1708 provided six centra of a specimen of almost identically the 
same size and undoubtedly belonging to the same species, which were found lying 
collocated in such a manner as not to leave any doubt that they belonged to one 
individual. The centra of three of these specimens, the last of which preserved the 

38 Figures in italics denote approximate measurements. 

39 Obtained by measuring from middle of neural canal to end of left transverse process and multiplying 
by 2. The right transverse process is broken off at the tip. 
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neural arch and a considerable portion of the spine, were utilized in restoring the 
last three vertebrae of the series. The lumbar series in the mounted specimen 
consists therefore of the three anterior lumbars belonging to No. 1604 and the last 
three centra of No. 1708. No. 1703C is a series of six lumbar vertebrae which were 
found in the same locality and which are discovered to exactly fit each other, so as 
to leave hardly any room whatever for doubt that they belonged to the same indi¬ 
vidual. Specimen No. 1713 also supplied a series of six lumbar vertebrae very 
well preserved in all respects, except that they have all lost the anterior and pos¬ 
terior epiphyses of the centra. 

In addition to the four series above mentioned a number of other lumbar 
vertebrae not forming a series were discovered. Their dimensions will be given. 

The spines of the lumbar vertebrae when they are arranged in regular serial 
order in all cases describe a gentle curve rising from the first to the fifth vertebra 
and then declining so as to coincide approximately in height with the extremities 
of the sacral vertebrae. The spines, viewed laterally, are greatly flattened in an 
antero-posterior direction, strongly rugose at their upper extremities, and vertical 
in position. The metapophyses are broad, projecting upward and forward. The 
transverse processes are broad, flattened, projecting horizontally outward, except 
in the case of the last lumbar, which is considerably thickened and projects some¬ 
what forward, to conform with the anterior margin of the ilium. The centra of 
the first four lumbars in vertical section are more or less subtriangular, the last 
two are greatly flattened and compressed vertically and more or less oval in cross- 
section, thus approximating in outline the form of the centra in the sacral vertebrce, 
which are likewise greatty compressed verticall 3 r . The prezygapoplyyses are 
formed on the anterior face of the upturned margin of the laminae below the point 
where the metapophyses have their origin, are concave, and look upward, inward, 
and forward. The postzygapophyscs are laterally convex, look downward, out¬ 
ward, and backward and greatly overhang the posterior face of the centrum. 

First Lumbar Vertebra. 

Seven specimens of the first lumbar were found. Of these No. I703C is re¬ 
ferred to M. petersoni, the others to M. elatus. No. 1604 belongs to the mounted 
specimen and is in an excellent state of preservation (see Fig. 64). No. 1708 is a 
centrum preserving with it portions of the neural arch and the right metapopliysis 
and transverse process. Specimens No. 1604 and No. 1708 pertain to old and 
fully adult specimens of M. elatus. No. 1713 is the first lumbar of a large but not 
fully matured specimen, the epiphyses of the centrum having been lost. Nos. 
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1714, 1714.4, and 17145 are small and very immature specimens in a more or 
less damaged condition. 

The spine of the first lumbar is broad, flattened, and projects forward on its 
upper anterior margin. Its extremity is thickened transversely and is rugose. 
The metapophyses in Mor opus elatus diminish in the antero-posterior diameter 
of their extremities and are subtriangular in outline, while in Moropus petersoni 



Fig. 64. First lumbar of M. elatus (No. 
1604). Xi 



Fig. 65. First lumbar of M. 'petersoni (No. 1703(7). X|. 

lateral view; 2, posterior view. 


1 , 


they do not thus rapidly diminish but are almost as wide at their ends as at their 
origins. The prezygapophysial surfaces occupy the lower anterior half of the inner 
face of the metapophyses in adult specimens of Moropus elatus, and in immature 
specimens a relatively larger proportion of the surface, the metapophysis in imma¬ 
ture specimens being shorter, while the articulating surface is relatively large. 
In Moropus petersoni the prezygapophysial surface is principally supported on 
the radix and does not impinge greatly upon the inner surface of the metapophysis - 
The first lumbar in M. petersoni has, in fact, a prezygapophysis which in its form 
and arrangement is much like that of the dorsals (see Fig. 65). The postzyga- 
pophyses greatly overhang the posterior face of the centrum. The centrum is 
subtriangular in vertical section at the middle and at both ends. The transverse 
processes are wide, flattened, horizontal spines, which in M. elatus rake slightly 
backward, but in M. petersoni are directed outward at right angles to the axis of 
the vertebra. 
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Measurements of First Lumbar Vertebra . 40 


1604, 

1703C, 

1708, 

1713, 

1714A, 

1714R, 

1714C, 


mm . 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

Greatest height from base of centrum to top of spine. 

230 

173 


203 

145 

149 

148 

Greatest transverse diameter measured across transverse 

processes. 

176 

134 


135 

124 


130 

Greatest antero-posterior diameter measured from front of 
prezygapophyses to back of postzygapophyses. 

110 

84 


104 


75 

80 

Length of centrum along floor of neural canal. 

66 

58 

60 

50 

40 

40 

42 

Length of centrum along inferior surface. 

51 

45 

55 

42 

32 

32 

34 

Vertical diameter of anterior face of centrum. 

62 

43 

60 

52 

42 

40 

35 

Transverse diameter of anterior face of centrum. 

80 

55 

70 

63 

52 

52 

52 

Vertical diameter of posterior face of centrum. 

70 

45 

56 

57 

42 

42 

42 

Transverse diameter of posterior face of centrum. 

86 

64 

82 

76 

58 

57 

62 

Vertical diameter of neural canal. 

23 

22 

22 

22 

22 

22 

22 

Transverse diameter of neural canal. 

23 

22 

20 

22 

22 

22 

24 

Antero-posterior diameter of prezygapophysial surfaces. 

26 

28 

30 

25 

18 

IS 

20 

Transverse diameter of prezvgapophysial surfaces. 

26 

21 

30 

32 

25 

n 

24 

Distance between prezygapophvsial surfaces above. 

62 

45 

55 

50 

58 

56 

54 

Antero-posterior diameter of postzygapophyses. 

29 

20 


30 


16 

16 

Perpendicular diameter of postzygapophyses. 

35 

25 


22 


17 

20 

Distance across postzygapophyses above. 

42 

48 


42 


40 

50 

Transverse diameter of pedicel above transverse process. 

15 

11 

15 

16 

9 

11 

11 

Antero-posterior diameter of pedicel. 

55 

33 

45 

42 

33 

34 

37 

Height of spine from neural canal to extremity. 

153 

116 


140 

81 

95 

95 

Antero-posterior diameter of spine above neural canal. 

70 

46 


48 

.. 

37 

38 

Antero-posterior diameter of spine at top. 

70 

42 


50 

31 

28 

33 

Height of metapophysis above prezygapophysial surfaces. 

32 

30 


28 

2 


10 

Height of metapophysis above transverse process. 

60 

43 


57 

38 

36 

40 

Antero-posterior diameter of metapophysis below. 

45 

25 


42 

25 

30 

30 

Antero-posterior diameter of metapophysis at end. 

18 

10 


22 

.. 



Distance across ends of metapopli 3 r ses. 

108 

72 


90 

70 

68 

72 


The Second Lumbar Vertebra. 

The second lumbar vertebra of No. 1604 was found in almost perfect condition. 
Four other second lumbars were recovered. Of these specimens No. 1703C is quite 
perfect. No. 1708 is a centrum preserving the outline of the neural arch, though 
without any of the lateral and superior processes. No. 1713 is practically perfect 
except for the loss of the anterior and posterior epiphyses of the centrum and the 
transverse processes at their ends. No. 1714D has lost the epiphyses of the cen¬ 
trum, the greater portion of the dorsal spine, both transverse processes, and the 
end of the metapophysis of the left side. 

40 Numbers in italics indicate approximate measurements, 
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The second lumbar vertebra is characterized by the backward and outward 
slope of the extremity of the mammillary process or metapophysis, which is more 
strongly marked in Mor opus elatus than in Mor opus petersoni. The articulating 
surfaces for the postzygapophyses of the first lumbar occupy more than half of 



the inner surface of the metapophysis measured vertically. The spine corre¬ 
sponds in general outline with the preceding vertebra, except that at its upper 
extremity it is not as strongly produced forward, and is relatively longer. The 
transverse processes in Mor opus elatus are directed somewhat more backward than 
in Moropus petersoni, which they otherwise closely resemble in structure. The 
centrum is subtriangular in cross-section at its middle. 


Measurements of Second Lumbar Vertebra. 41 

1604, 

1703 C, 

1708, 

1713, 

1714 Z>, 

• 

mm. 

mm. 

mm. 

mm. 

mm. 

Greatest height from base of centrum to top of spine. 

248 

186 


210 


Greatest transverse diameter measured across transverse processes. 

Greatest antero-posterior diameter measured from front of prezygapophyses 

200 

152 




to back of postzygapophyses.. 

125 

96 

... 

110 

82 

Length of centrum along floor of neural canal. 

78 

57 

66 

50 

& 

Length of centrum along inferior surface. 

61 

50 

51 

40 

35 

Vertical diameter of anterior face of centrum. 

41 Numbers in italics denote approximate measurements. 

64 

47 

61 

5% 

40 
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Transverse diameter of anterior face of centrum. 

. 75 

59 73 67 

50 

Vertical diameter of posterior face of centrum. 

. 70 

48 65 55 

40 

Vertical diameter of neural canal. 

. 25 

22 22 22 

20 

Transverse diameter of neural canal. 

. 23 

22 

22 

20 

Antero-posterior diameter of prezygapophysial surfaces. 

. 39 

22 

27 

20 

Vertical diameter of prezygapophj^sial surfaces. 

. 37 

26 

29 

22 

Distance between prezygapophysial surfaces above. 

. 46 

47 

44 

25 

Antero-posterior diameter of postzygapophyses. 

. 37 

24 

30 

21 

Perpendicular diameter of postzygapophyses. 

. 30 

23 

26 

21 

Distance across postzygapophyses above. 

. 50 

40 

44 

35 

Transverse diameter of pedicel. 

. 16 

13 19 16 

11 

Antero-posterior diameter of pedicel. 

. 60 

39 52 51 

35 

Height of spine from neural canal to extremity. 

. 168 

120 

. 145 


Antero-posterior diameter of spine above neural canal. 

. 68 

52 

50 

40 

Antero-posterior diameter of spine at top. 

. 62 

50 

50 


Height of metapophysis above prezygapophysial surface. 

. 20 

15 

20 

10 

Height of end of metapophysis above transverse process. 

. 60 

52 

50 

42 

Antero-posterior diameter of metapophysis below. 

.. 45 

35 

42 

29 

Antero-posterior diameter of metapophysis at end. 

. 28 

17 

21 

22 

Distance across ends of metapophyses. 

. 120 

83 

95 

78 


The Third Lumbar Vertebra. 

Four examples of the third lumbar vertebra have been made the subjects of 
careful study and measurement. The largest of these is No. 1604, representing 
M. elatus, and belongs to the mounted specimen (see Fig. 68). It has sustained 
some injuries on the upper anterior edge of the dorsal spine, and at the ends of the 
metapophyses and transverse processes, but in no case are these so extensive as to 
make accurate measurements in most dimensions impossible. The specimen is 
practically perfect. No. 1703C is likewise an excellent specimen, belonging to 
M. petersoni, which has only required some minor repairs on the left postzyga- 
popliysis and at the ends of the transverse processes, which were a little broken 
(see Fig. 69). No. 1708 is the centrum of a specimen of M. elatus hardly inferior 
in size to No. 1604. It preserves the neural arch, both pedicels, and the left 
postzygapophysis; all the other superior processes have been lost, or badly broken. 
No. 1713 is a specimen of the third lumbar of a large but immature individual of 
M. elatus. The vertebra is perfect except for the loss of the end of the left trans¬ 
verse process, and the epiphyses of the centrum. 

The third lumbar in M. elatus is characterized by having the anterior edge of 
the dorsal spine above well produced forward; in M. petersoni the edges of the 
extremity of the spine are produced antero-posteriorly both before and behind. 
The spine is longer than in the second lumbar. The prezygapophysial surfaces 
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occupy fully two-thirds of the vertical height of the inner side of the metapophysis 
above the neural canal. The upper end of the metapophysis (mammillary process) 



is directed backward. The centrum in cross-section at the middle is subtriangular. 
In other respects this member of the lumbar series resembles the two vertebrae 
preceding it. 

Measurements of Third Lumbar Vertebra . 42 



1604, 

1703C, 

1708, 

1713, 


mm. 

mm. 

mm. 

mm. 

Greatest height from base of centrum to top of spine. 

260 

197 


235 

Greatest transverse diameter measured across transverse processes. 

Greatest antero-posterior diameter measured from front of prezygapophyses to 

216 

168 


196 

back of postzygapophyses. 

135 

97 


104 

Length of centrum along floor of neural canal. 

68 

60 

69 

67 

Length of centrum along inferior surface. 

52 

48 

54 

46 

Vertical diameter of anterior face of centrum.. 

77 

52 

75 

61 

Transverse diameter of anterior face of centrum. 

85 

60 

78 

72 

Vertical diameter of posterior face of centrum. 

75 

50 

70 

58 

Transverse diameter of posterior face of centrum. 

93 

67 

85 

85 

Vertical diameter of neural canal. 

24 

24 

25 

25 

Transverse diameter of neural canal. 

24 

25 

27 

25 

Antero-posterior diameter of prezygapophysial surfaces. 

46 

27 


30 

Vertical diameter of prezygapophysial surfaces. 

40 

27 

.. 

35 


42 Figures in italics are approximate measurements. 
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Distance between prezygapophysial surfaces above. 

. 50 

46 


42 

Antero-posterior diameter of postzygapophyses. 

. 34 

25 

30 

28 

Vertical diameter of postzygapophyses. 

. 31 

21 

34 

30 

Distance across postzygapophyses above. 

. 42 

40 

56 

48 

Transverse diameter of pedicel. 

. 15 

14 

16 

15 

Antero-posterior diameter of pedicel. 


44 

50 

52 

Height of spine from neural canal to extremity. 

. 172 

136 


156 

Antero-posterior diameter of spine above neural canal. 

. 67 

53 


59 

Antero-posterior diameter of spine at top. .*. 

. 64 

50 


55 

Height of metapophysis above prezygapophysial faces. 

. 15 

13 


14 

Height of metapophysis above transverse process. 

. 65 

51 


65 

Antero-posterior diameter of metapophysis below. 

. 42 

34 

38 

36 

Antero-posterior diameter of metapophysis at end. 

. 25 

22 


22 

Distance across ends of metapophyses. 

. 114 

77 


100 


The Fourth Lumbar Vertebra. 

Four specimens representing the fourth lumbar vertebra have been made 
the subject of study. The fourth lumbar of the mounted specimen was missing. 
The centrum of specimen No. 1708, an individual of very nearly the same size as 
specimen No. 1604, was therefore selected as the basis for the restoration. It 
retains in addition to the centrum the bases of the transverse processes, the 
origins of the metapophyses, and the greater part of the neural arch. With the 
other excellently preserved specimens before him Mr. Peterson was able readily 
to effect a restoration which fulfills all requirements. Specimen No. 1703(7 repre¬ 
senting M. petersoni is practically perfect, except that it has lost the extremity of 
the right postzygapophysis which has been restored (see Fig. 70). Specimen No. 



Fig. 70. Fourth lumbar vertebra of ill. 'petersoni (No. 1703C). Xb 
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1713 is that of a large, but immature, individual of M. elatus, which is practically 
perfect, except for the loss of the anterior and posterior epiphyses of the centrum. 
Specimen No. 1731 is the centrum of a comparatively small individual probably 
belonging to M. petersoni. All of the superior structures have been lost and only 
the bases of the transverse processes remain adherent. 

The fourth lumbar vertebra is characterized by having the anterior articu¬ 
lating face of the centrum subtriangular while the posterior face is vertically com¬ 
pressed, tending to become oval in outline, thus marking the beginning of the 
accommodation of the form of the centra of the lumbars for adjustment to the 
centra of the sacral series. The spine is greatly thickened and widened antero- 
posteriorly at its extremity and is slightly longer than that of the third lumbar, 
thus marking the highest point of the slight curve described by the extremities of 
the lumbars. The spine inclines very slightly backward. The prezygapophysial 
surfaces occupy nearly three-fourths of the anterior margin of the inner surface 
of the metapophyses. 

Measurements of Fourth Lumbar Vertebra. 43 



1708, 

1703C, 

1713, 

1731, 


mm. 

mm. 

mm. 

mm. 

Greatest height from base of centrum to top of spine. 

263 

198 

230 


Greatest transverse diameter measured across transverse processes. 

Greatest antero-posterior diameter measured from front of prezygapophyses to 

230 

171 

182 


back of postzygapophyses. 

128 

99 

105 


Length of centrum along floor of neural canal. 

70 

64 

63 

65 

Length of centrum along inferior surface. . 

62 

54 

52 

55 

Vertical diameter of anterior face of centrum. 

66 

50 

55 

45 

Transverse diameter of anterior face of centrum. 

77 

65 

72 

64 

Vertical diameter of posterior face of centrum. 

60 

50 

63 

50 

Transverse diameter of posterior face of centrum. 

93 

72 

77 

74 

Vertical diameter of neural canal. 

25 

25 

25 


Transverse diameter of neural canal. 

25 

30 

25 


Antero-posterior diameter of prezygapophysial surfaces. 

35 

25 

32 


Vertical diameter of prezygapophysial surfaces. 

4$ 

27 

32 


Distance between prezygapophysial surfaces above. 

50 

40 

43 


Antero-posterior diameter of postzygapophyses. 

38 

25 

32 


Vertical diameter of postzygapophyses. 

32 

20 

27 


Distance across postzygapophyses above. 

50 

37 

43 


Transverse diameter of pedicel. 

19 

15 

15 

16 

Antero-posterior diameter of pedicel. 

56 

44 

49 

47 

Height of spine from neural canal to extremity. 

181 

140 

150 


Antero-posterior diameter of spine above neural canal. 

68 

50 

56 


Antero-posterior diameter of spine at top. 

67 

45 

59 



43 Numbers in italics denote approximate measurements, the specimens being restored or broken. 
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Height of metapophysis above prezygapophysial face. 12 13 19 

Height of metapophysis above transverse process. 75 54 58 

Antero-posterior diameter of metapophysis below. J^o 32 35 

Antero-posterior diameter of metapophysis at end. SO 22 27 

Distance across ends of metapopltyses. 112 74 105 


The Fifth Lumbar Vertebra. 

Tn effecting a restoration of the mounted skeleton the centrum of the fifth 
lumbar vertebra belonging to specimen No. 1708 was employed. The centrum in 
this case was slightly injured on its anterior and posterior surfaces below and only 
retained the bases of the transverse processes and some portions of the pedicels. 
In the light of more perfect material, however, a satisfactory restoration was 
possible. No. 1703 C is a practically perfect specimen (see Fig. 71), having only 



Fig. 71. Fifth lumbar vertebra of M. petersoni (No. 1703C). X b 


sustained a few minor injuries at the extremities of the transverse processes. 
Specimen No. 1713 is likewise a perfect specimen except for the loss of the anterior 
epiphysis of the centrum; the posterior epiphysis remains. Specimen No. 17144 
represents a small and immature individual probably belonging, as does also 
specimen No. 1703(7, to M. petersoni. The immaturity of specimen No. 1714 A is 
shown by the loss of the anterior and posterior epiphyses of the centrum. The 
left metapophysis has been lost and the extremity of the left transverse process 
has sustained considerable injury. In other respects the specimen is quite perfect. 

In studying the specimens of the fifth lumbar it is noticeable that the anterior 
and posterior articulating surfaces of the centrum have become greatly compressed 
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vertically. The transverse diameter of the posterior face is greater than that of 
the anterior face. The outline of the anterior face is very bluntly cordate; of 
the posterior face transversely elongated oval. The spine inclines backward 
somewhat more than is the case in the fourth lumbar, and is somewhat shorter 
than in that vertebra. It is greatly thickened at its extremity and widened antero- 
posteriorly. The backward inclination of the spine is greater in M. petersoni than 
in M. elatus. 

Measurements of Fifth Lumbar Vertebra. 44 



1708, 

1703C, 

1713, 

1714A, 


mm. 

mm. 

mm. 

mm. 

Greatest height from base of centrum to top of spine. 

263 

201 

240 

145 

Greatest transverse diameter measured across transverse processes. 

Greatest antero-posterior diameter measured from front of prezygapophyses to 

225 

184 

210 

130 

back of postzygapophyses. 

125 

105 

105 

70 

Length of centrum along floor of neural canal. 

75 

62 

67 

45 

Length of centrum along inferior surface. 

60 

56 

60 

38 

Vertical diameter of anterior face of centrum. 

57 

44 

55 

40 

Transverse diameter of anterior face of centrum. 

88 

67 

78 

58 

Vertical diameter of posterior face of centrum. 

65 

49 

60 

38 

Transverse diameter of posterior face of centrum. 

105 

79 

98 

64 

Vertical diameter of neural canal. 

25 

25 

26 

24 

Transverse diameter of neural canal. 

32 

31 

31 

27 

Antero-posterior diameter of prezygapophysial surfaces. 

38 

26 

35 

17 

Vertical diameter of prezygapophysial surfaces. 

38 

27 

37 

20 

Distances between prezygapophysial surfaces above. 

58 

35 

50 

48 

Antero-posterior diameter of postzygapophyses.,. 

33 

23 

26 

17 

Vertical diameter of postzygapophyses. 

31 

20 

34 

22 

Distance across postzygapophyses above. 

55 

54 

54 

42 

Transverse diameter of pedicel. 

18 

12 

15 

10 

Antero-posterior diameter of pedicel. 

52 

47 

46 

35 

Height of spine from neural canal to extremity. 

180 

142 

163 

75 

Antero-posterior diameter of spine above neural canal. 

65 

48 

60 

38 

Antero-posterior diameter of spine at top. 

48 

42 

56 

34 

Height of metapophysis above prezygapophysial face. 

15 

10 

12 

8 

Height of metapophysis above transverse process. 

75 

55 

63 

41 

Antero-posterior diameter of metapophysis below. 

52 

29 

35 

25 

Antero-posterior diameter of metapophysis (mammillary) at end. 

30 

15 

22 

16 

Distance across ends of metapophyses. 

120 

75 

107 

70 


The Sixth Lumbar Vertebra. 

Specimen No. 1708 was again resorted to in furnishing material for a restora¬ 
tion to be used in connection with the mounted specimen. Fortunately the 
centrum of this specimen was well preserved with the exception of the extremities 

44 Figures in italics denote approximate measurements, the specimens having been restored or broken. 
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of the transverse processes and metapophyses and some of the upper portions of 
the spine. Specimen No. 1703(7 is practically perfect except for the loss of the 
extremity of the right postzygapophysis and a fragment at the end of the spine 
(see Fig. 72). Specimen No. 1713 is a practically perfect specimen except for the 



Fig. 72. Lateral and posterior views of the sixth lumbar of M. petersoni (No. 1703C). XL 

loss of the anterior and posterior epiphyses of the centrum. Specimen No. 1731 
is a centrum which preserves the bases of the transverse processes and the outline 
of the pedicels. 

The sixth lumbar vertebra is characterized by the vertical compression of 
the centrum, both the anterior and posterior articulating faces of which are trans¬ 
versely elongated ovals in outline, the posterior face more elongated than the 
anterior face. The transverse processes are greatly produced, relatively narrower 
than in the preceding vertebrae, and project slightly forward. At their outward 
extremities they are obliquely truncated behind, so as to adapt them to the anterior 
margins of the ilia, with which there is evidence that they had ligamentary attach¬ 
ments. The spine is relatively shorter than in the preceding vertebrae and slopes 
backward to conform with the slope of the succeeding sacral vertebrae. This slope 
is more marked in specimen No. 1703(7, referred to M. petersoni , than in the other 
specimens, which are referred to M. elatus. 


Measurements of Sixth Lumbar Vertebra . 45 


1708, 1703C, 1713, 1731, 


mm. mm. mm. mm. 


Greatest height from base of centrum to top of spine. 

Greatest transverse diameter measured across transverse processes. 

Greatest antero-posterior diameter measured from front of prezygapophyses to 


2Jf5 242 242 
242 240 240 


back of postzygapophvses 


115 111 107 


45 Numbers in italics denote approximate measurements, the specimens being restored or broken. 
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Length of centrum along floor of neural canal. 

. 65 

62 

62 

70 

Length of centrum along inferior surface. 

. 62 

60 

54 

50 

Vertical diameter of anterior face of centrum. 

. 57 

43 

52 

57 

Transverse diameter of anterior face of centrum. 

. 107 

78 

87 

80 

Vertical diameter of posterior face of centrum. 

. 58 

45 

53 

60 

Transverse diameter of posterior face of centrum. 

. 112 

85 

100 

93 

Vertical diameter of neural canal. 

. 27 

25 

27 


Transverse diameter of neural canal.. 

. 40 

36 

33 


Antero-posterior diameter of prezygapophysial surfaces. 

. H 

25 

29 


Vertical diameter of prezygapophysial surfaces. 

. 40 

27 

38 


Distance between prezygapophysial surfaces above. 

. 52 

55 

57 


Antero-posterior diameter of postzygapophyses. 

. 30 

25 

31 


Vertical diameter of postzygapophyses.. 

. 34 

23 

35 


Distance across postzygapophyses above.. 

. 67 

50 

57 


Transverse diameter of pedicel. 

. 26 

15 

20 

20 

Antero-posterior diameter of pedicel. 

. 42 

40 

49 

49 

Height of spine from neural canal to extremity. 

. 162 

.. 

173 


Antero-posterior diameter of spine above neural canal. 

. 50 

40 

52 


Antero-posterior diameter of spine at top. 

. 39 

.. 

47 


Height of metapophysis above prezygapophysial face. 

. 12 

5 

3 


Height of metapophysis above transverse process.. 

. 70 

51 

57 


Antero-posterior diameter of metapophysis below. 

. 32 

25 

35 


Antero-posterior diameter of metapophysis (mammillary) at end. 

. 22 

18 

25 


Distance across ends of metapophyses. 

. 115 

82 

105 



The Sacral Vertebrce. 

(Plates LIII-LX.) 

Six specimens representing the sacral vertebrae have been made the subject 
of critical investigation. No. 1704 (Plates LIII-LVI) is a sacrum in which the 
centra and lateral processes are well preserved, but from which the extremities of 
the neural spines have been broken away, with the exception of the third, the 
greater portion of which remains. It is evidently the sacrum of an adult in which 
the vertebrae are thoroughly coossified. No. 1706 is the sacrum employed in the 
restoration of the mounted skeleton, and which is figured in Plates LVII-LX. 
It is in the main well preserved and has called for only a little repairing. It was 
found about twelve feet from the remains of the specimen catalogued as No. 1604 
and may well have belonged to that individual. Specimen No. 1713 is the first 
sacral vertebra of a large but immature individual, the spine of which shows that 
coossification has not as yet taken place at its extremity, and the posterior epiphysis 
of the centrum has been lost. It is practically a perfect specimen with the ex¬ 
ceptions just noted. No. 1714 is a specimen of the first sacral of quite small size 
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and evidently immature, having lost both the anterior and posterior epiphyses 
of the centrum as well as the greater part of the neural spine. It has been referred, 
because of the greater backward inclination of the spine, to M. petersoni. No. 
1730 is a first sacral, likewise referred to M. petersoni. It has also lost the epiphyses 
of the centrum, the upper part of the neural arch, and the whole of the neural 
spine. Specimen No. 2102 consists of the first sacral, lacking the greater part of 
the neural spine, and the centrum of the second sacral thoroughly coossified with 
the centrum of the preceding vertebra. It shows some evidence of being water- 
worn. 

The sacrum is composed of four vertebra). In adult specimens the vertebrae 
are well coossified. The spines slope strongly backward and rapidly increase in 
transverse diameter at their extremities to the posterior margin of the third verte¬ 
bra, and then rapidly diminish to a knife-edge at the posterior margin of the 
fourth vertebra. There is considerable diversity in the antero-posterior diameter 
of the neural spine of the first vertebra. The diameter is greater in M. elatus than 
in M. petersoni. In the latter species the backward inclination of the spines is 
greater than in M. elatus. In specimen No. 1706 (the mounted specimen) asso¬ 
ciated with the bones listed under No. 1604, the vertebrae are thoroughly coossified 
at their centra and above at their extremities. Between the posterior margin 
of the spine of the first vertebra and the anterior margin of the spine of the second 
vertebra there is in this specimen a lacuna about the middle, where the spines 
have failed to coossify. In specimen No. 1704 the spine of the first sacral has 
failed to coossify at its base with that of the succeeding vertebra, and there is in 
consequence an opening revealing the upper part of the neural arch of the second 
sacral behind the spine of the first sacral. The centra are greatly compressed 
vertically, and rapidly diminish backward both in vertical and transverse diameter. 
The neural canal likewise rapidly diminishes in the sacrum from before backward 
and is not so nearly circular in outline as in the dorsals and lumbars, but becomes 
more or less subtriangular, the transverse diameter being relatively considerably 
greater than the vertical diameter. The transverse processes or alse which look 
outwardly and backwardlv at their ends flare widely in order to form attachments 
with the ilium, with which in thoroughly adult specimens thej r are more or less 
firmly united. This lateral enlargement is greatest in the case of the first and 
second vertebrae, the transverse processes of which furnish the largest surface for 
adhesion to the ilium. There are three well developed ventral and dorsal foramina 
on either side, of which the anterior is much the largest, the ventral, viewed from 
below, being antero-posteriorly elongated and oval. The opening of the second 
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dorsal foramen is smaller than the other two; the second ventral foramen is inter¬ 
mediate in size between the first and the third. The metapophvses of the first 
sacral are well developed and are conformed in shape and size to those of the 
preceding lumbars. In the second and third sacral vertebrae the metapophyses 
appear as small elevations, that of the second vertebra being larger than that of 
the third, which is reduced to a mere tubercle. 

The three sacra found in a coossified condition have been attentively studied 
and their measurements so far as their somewhat defective condition allows are 
here given. 


Measurements of Sacrum . 46 


Greatest transverse diameter in front across ends of alae. 

Greatest transverse diameter behind across ends of alae. 

Greatest height from base to end of spines. 

Greatest length along median line of centra below. 

Length of neural canal measured along top of centra. 

Length of neural canal along neural arch. 

Vertical diameter of neural canal in front. 

Vertical diameter of neural canal behind. 

Transverse diameter of neural canal in front.. 

Transverse diameter of neural canal behind. 

Vertical height of spines above neural arch. 

Greatest antero-posterior diameter of mass of laterally coossified alee 

Greatest vertical diameter of alae of first sacral in front. 

Vertical diameter of anterior face of first sacral. 

Transverse diameter of anterior face of first sacral. 

Vertical diameter of posterior face of fourth sacral. 

Transverse diameter of posterior face of fourth sacral. 

Antero-posterior diameter of first ventral foramen. 

Transverse diameter of first ventral foramen. 

Antero-posterior diameter of second ventral foramen. 

Transverse diameter of second ventral foramen. 

Antero-posterior diameter of third ventral foramen. 

Transverse diameter of third ventral foramen. 

Antero-posterior diameter of first dorsal foramen. 

Transverse diameter of first dorsal foramen. 

Antero-posterior diameter of second dorsal foramen. 

Transverse diameter of second dorsal foramen. 

Antero-posterior diameter of third dorsal foramen. 

Transverse diameter of third dorsal foramen. 


1704, 

1706, 

2102, 

mm. 

mm. 

mm. 

. 224 

218 

218 

. 147 

137 


. 195 

210 


. 190 

185 


. 180 

177 


. 140 

147 


. 26 

19 

23 

. 12 

16 


. 42 

47 

50 

. 21 

19 


. 150 

130 


. 177 

200 

... 

. 120 

95 

100 

50 

44 

50 

. 100 

103 

105 

. 12 

18 


. 27 

40 


. 38 

40 

35 

. 18 

20 

13 

. 16 

10 


. 20 

10 

16 

. 16 

11 

.. 

. 13 

7 


. 17 

16 

17 

. 13 

14 

10 

. 9 

13 


. 13 

11 


. 12 

8 


. 20 

14 



46 Figures italicized indicate approximate measurements, the specimens being broken or restored. 
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The First Sacral Vertebra. 

(Plate LIV.) 

The first sacral, in a disarticulated condition, is represented by three speci¬ 
mens, and the three sacra in which it is found in a coossified state also yield in¬ 
formation as to its form. The accompanying table of measurements of the different 
specimens shows that there is considerable individual variation. 


Measurements of First Sacral Vertebra . 47 



1704, 

1706, 

1713, 

1714, 

1730, 

2102, 


mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

Greatest vertical height of neural spine. 


210 

230 




Greatest transverse diameter across alae. 

224 

218 

210 

170 

186 

218 

Greatest antero-posterior diameter across zygapophyses. 

115 

120 

115 

85 


110 

Vertical diameter of anterior face of centrum. 

50 

44 

53 

80 

36 

50 

Transverse diameter of anterior face of centrum. 

100 

103 

103 

80 

83 

105 

Vertical diameter of posterior face of centrum. 

33 

n 

47 

22 

27 

35 

Transverse diameter of posterior face of centrum. 

52 

50 

72 

40 

43 

65 

Length of centrum along neural canal. 

60 

70 

55 

35 

40 

62 

Length of centrum along inferior surface. 

65 

75 

59 

40 

43 

70 

Vertical diameter of neural canal. 

26 

19 

20 

15 

17 

23 

Transverse diameter of neural canal.. 

42 

47 

39 

40 

37 

50 

Vertical diameter of prezygapophysial surfaces. 

32 

40 

40 

28 

31 

38 

Antero-posterior diameter of prezygapophysial surfaces. 

39 

33 

27 

20 

24 

32 

Height of mammillary process above prezygapophvsial surface. 

10 

8 

18 

8 



Height of metapophysis above transverse process or ala. 

32 

16 

55 

22 

27 


Antero-posterior diameter of metapophysis at origin. 

32 

40 

32 

27 

25 

40 

Antero-posterior diameter of mammillary process. 

21 

24 

21 

16 



Antero-posterior diameter of postzygapophj r sial surfaces. 



45 

.. 



Transverse diameter of postzygapophysial surfaces. 



28 




Distance between posterior ends of postzygapophyses and posterior 
face of centrum. 

80 


45 

30 



Antero-posterior diameter of spine above neural canal. 

44 

49 

57 

29 


47 

Antero-posterior diameter of spine at extremity. 


38 

44 




Length of spine above neural canal. 


143 

167 





The Second Sacral Vertebra. 

We have no knowledge of this element in the sacrum except as it is derived 
from the three sacra in which it exists as one of their coossified components. The 
neural spine in all of the specimens which have been recovered is apparently 
intermediate in its antero-posterior diameter between that of the first and the third 
47 Figures in italics denote approximate measurements, absolute certainty being impossible owing to 


defects. 
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sacral vertebrae, and its anterior margin is not so thoroughly coossified with the 
spine of the first vertebra as its posterior margin is coossified with the anterior 
margin of the third vertebra. Its centrum is smaller than that of the first sacral 
vertebra in all of its dimensions. 

The Third Sacral Vertebra. 

This vertebra is, like its predecessor, only known thus far in the coossified 
state in which it appears in specimens No. 1704 and No. 1706. While its centrum 
in its dimensions is less than those of the two preceding sacral vertebrae, the neural 
spine is longer and more massive in all dimensions than is the case in these, and 
marks the climax in development of this portion of the sacrum. It is strongly 
coossified on its anterior and posterior margins with the neural spines of the second 
and fourth sacral vertebrae. 


The Fourth Sacral Vertebra. 

The centrum is smaller in all of its dimensions than those of the three pre¬ 
ceding sacral vertebrae. The neural spine is only known from specimen No. 1706. 
It is appressed against and coossified with the posterior margin of the spine of 
the third sacral vertebra. The antero-posterior diameter of the spine is less, than 
that of the third sacral vertebra. 

The Caudal Vertebrce. 


Until the present time no caudal vertebrae, which can with positive certainty 
be identified as belonging to the various specimens of Moropus obtained at the 
Agate Spring Quarries, have been found. The ungulate mammals occurring in 
the quarry belonged to the genera Diceratherium. Dinohyus, Stenomylus, and 



Fig. 73. Caudal vertebra of M, elatus (No. 2144). 
Xb 1, dorsal, 2, ventral, 3, lateral, 4, anterior, 5, 
posterior, views. 



Fig. 74. Caudal vertebra of M. elatus (No. 1823). 
Xb 1, posterior, 2, anterior, 3, lateral, 4, superior, 
5, inferior, views. 


Moropus. Fortunately some specimens belonging to the first-named genus were 
found with their caudal vertebrae articulated and in place, so that the identification 
of the caudals of this genus has been removed beyond the sphere of doubt. The 
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caudals belonging to Dinohyus are also of a well-known type and can be positively 
identified when found; this is also true of Stenomylus, perfectly articulated and 
complete skeletons of which in considerable number were recovered near by in 
the summer of 1908. After the caudals which apparently ought to be referred 
to these genera have been eliminated, there remain but two specimens representing 
caudal vertebrae which, because they apparently belong to none of the genera 
mentioned, might with plausibility be referred to the genus Moropus. The ac¬ 
companying figures (Figs. 73 and 74) give the outlines of these bones. The exist¬ 
ence of the neural arch though evidently open shows that they must have occupied 
a position well forward in the caudal series. They were possibly the sixth or 
seventh in the series, reckoning backward. In form they somewhat resemble 
the caudals of Dinoceras, though the flattened lateral processes do not have as 
great an antero-posterior diameter as in Dinoceras. They must have apper¬ 
tained to small individuals. As has been remarked on p. 250 the tail which has 
been given to the restored skeleton is "a work of fiction,” based in part upon these 
two bones and the analogies of the caudal region in other perissodactyla. 

The Pelvic Girdle. 

(Plates LVIII-LXI.) 

The pelvis of Moropus is represented, in addition to the more or less perfect 
remains of the sacra of several individuals which have already been described, 
by the following material: 

Catalog No. 1706 (.Moropus elatus). 

A complete pelvis including sacrum which has been utilized in the mounted 
specimen. 

Catalog No. 1701 (Moropus petersoni). 

The left os innominatum of a specimen which has been used in effecting the 
restoration of the hind foot and limb of Moropus petersoni. With this the writer 
associates specimen No. 1795, which is a right innominate bone. The two bones, 
the one in the restored hind limb and specimen No. 1795, apparently fit each 
other, and when placed together they show that the pelvic aperture is much smaller 
than is the case in specimen No. 1705. This caused the writer to believe that we 
have therefore corresponding portions of the pelvic arch of both a male and female 
individual of the same species. 
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Catalog No. 1705 (Moropus petersoni). 

This specimen consists of the two ossa innominata of an apparently mature 
individual, which, owing to the size of the pelvic aperture, the writer is inclined 
to regard as having belonged to a female, as he has stated previously ( vide descrip¬ 
tion of M. petersoni). 

Catalog No. 1793 (Moropus elatus). 

This consists of the right os innominatum of a large individual presumably 
representing Moropus elatus. 

Catalog No. 1793A. „„ 

This specimen consists of portions of the left innominate bone of a specimen of 
Moropus elatus somewhat smaller in size than No. 1793. 

Catalog No. 1794 (Moropus elatus). 

This consists of a fragment of the innominate bone, preserving the acetabulum, 
thyroid foramen, and the portions of the ilium, ischium, and pubis surrounding 
the acetabulum and the thyroid foramen. It represents an adult specimen of 
Moropus elatus. 

Catalog No. 1795 (.Moropus petersoni). 

This bone has been already referred to and commented upon in the paragraph 
dealing with specimen No. 1701, to which it apparently belongs. 

In addition to this material there are a number of fragments which the writer 
does not deem it necessary to more than refer to. 

In all the material before the writer the ilium, ischium, and pubis are firmly 
coossified with each other, but not with the sacrum, which nevertheless in the 
case of specimen No. 1706 was found in situ lying between the ilia in such a manner 
as to show that when fully adult a firm union between the sacrum and the ilia was 
undoubtedly effected. It is evident that the union of the three bones which enter 
into the composition of the innominate bone took place, as in other mammalia, 
at a very early period, probably even during the fatal life of the animal. Few 
specimens have been found in which the sutures between the ilium, the ischium, 
and the pubis are visible. 

The ilia are broadly expanded anteriorly, subtriangular in outline, the supra- 
iliac border rising high above the line of union with the sacrum, flaring upward 
and outward at the anterior extremity, thus giving this portion a somewhat scroll¬ 
shaped form, causing the gluteal surface to be deeply concave in front. Ihe 
bone between the broad expanded anterior portion and the acetabulum is lengthened 
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and triangular in cross-section behind the posterior spine which is not high. The 
ilium expands somewhat posteriorly to form the anterior walls of the acetabulum. 

The os pubis is relatively small. In cross-section immediately in advance of 
the anterior extremity of the thyroid foramen it is subtriangular, the base of the 
triangle being represented by the anterior free surface. From this point the 
bone expands broadly inwardly, becoming somewhat pyramidal in form, the base 
of the pyramid being located at the symphysis and continued backward as the 
ramus forming in part the inner boundarj^ of the thyroid foramen to the point 
where coossification with the ramus of the ischium takes place. The os pubis 
expands externally and enters into the composition of the acetabulum to the 
extent of about one-fifth, including the lower half of the cotjdoid notch, as is shown 
in the case of the left innominate bone of specimen No. 1705, in which the sutures 
in the acetabulum are visible. The acetabulum is large and deep. The pit for 
the round ligament is large and located in the posterior portion of the cavity. 

The ischium is intermediate in size between the smaller pubis and the vastly 
larger ilium. In M. petersoni the bone is relatively shorter than in M. elatus and 
is not strongly everted at its extremity as in the latter species. In the portion of 
the bone found, the external lateral margin of the thyroid foramen is triangular in 
cross-section, passing insensibly into the broad plate which forms the posterior 
portion of the bone, which is thickest laterally and terminates in the strong, rough¬ 
ened tuberosity. The inner margin of the bone is thin on its edge and produced 
forward in the ramus, which coossifies with the ramus of the pubis to form the 
inner margin of the thyroid foramen. The anterior part of the ischium enters 
into the composition of the acetabulum for about one-fourth of its surface. 

The thyroid foramen is elongated, oval, with the longer axis parallel to the line 
of the symphysis. 

The pelvis when compared with that of other Perissodactyls is seen to be 
relatively longer and narrower than is usually the case in this suborder, and especi¬ 
ally when compared with the Titanotheres of the Oligocene. This elongation is 
chiefly brought about by the extension behind the acetabulum of the ischium and 
pubis to which Peterson called attention ( l. c., p. 748). The gluteal surface of the 
ilium, when compared with the same surface in other genera, is relatively small. 
It is more everted than in Titanotheriurn, and more closely resembles the corre¬ 
sponding part in such forms as Coenopus tridactylus, Trigonias osborni, and the 
modern horse, except that the supra-iliac border is filled out more roundly than in 
the latter genera. The supra-iliac border rises high above the pleurapophyses of 
the sacrum, very much as in Trigonias, Diceratherium, and other Perissodactyla. 
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The shaft of the ilium is rather long, when compared with that of the Titanotheres, 
and is more like that of the Miocene rhinoceroses. 

Measurements of Pelvis. 48 

Total length from point of ilium to end of ischial tuberosity. 

Distance from point of ilium to margin of acetabulum. 

Distance from acetabulum to end of ischial tuberosity. 

Transverse diameter between points of ilia. 

Transverse diameter at the acetabula. 

Extreme width between ischial tuberosities. 

Length of obturator foramen. 

Antero-posterior diameter of acetabulum. 

The Ribs. 

(Plates LXII-LXIV.) 

The material representing the ribs secured for the Carnegie Museum during 
the excavations made from 1905 to 1907 consists of the ribs belonging to the 
mounted specimen, No. 1604, all of which were found, except the first rib on the 
left hand side, which in the mounted specimen has been reproduced from the 
corresponding rib on the right hand side, which was found in practically perfect 
condition. These bones belonged to Moropus elatus. In addition to this material, 
ribs representing other specimens of Moropus elatus, and also belonging undoubtedly 
to Moropus petersoni were found in Quarry No. 2. This material is cataloged as 
follows: 

Catalog No. 1760 (M. petersoni). 

Left first rib; left thirteenth rib; right eleventh rib. 

Catalog No. 1760A (M. petersoni). 

Right first rib. 

Catalog No. 1761 ( M. petersoni). 

Two anterior ribs. 

Catalog No. 1762 ( M. petersoni). 

A series consisting of twenty-two ribs, many of them in excellent condition. 

Catalog No. 1763 ( M. elatus). 

A series consisting of nineteen ribs in' more or less perfect condition, together 
with the manubrium of the sternum in perfect condition. 

48 Measurements in italics are approximatet 


No. 1706 
( elatus ), 
mm. 

.. 755 
.. 390 
. . 265 
.. 638 
. 386 
.. 324 
.. 103 
.. 93 


No. 1701 
( 'petersoni ), 

mm. 

450 

255 

120 

326 

220 

168 

80 

73 


No. 1705 
('petersoni), 

mm. 

468 

285 

142 

458 

248 

141 

80 

72 
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In addition to the material above enumerated there are more or less frag¬ 
mentary portions of the ribs of other individuals collected in the summer of 1908, 
which have not as yet been removed from the matrix, and upon which no report 
can at present be made. 

Mor opus possessed fifteen ribs on each side, of which the first is the shortest. 
The ribs gradually increase in length from the first to the eighth, which is the 
longest, and gradually decrease in length from the eighth to the fifteenth. The 
first three anterior ribs have a less convex external curvature than the others, 
but the curvature rapidly increases posteriorly and reaches its maximum develop¬ 
ment in the four posterior ribs, the curvature in which is very nearly the same. 
All of the ribs except the fifteenth show at their end provision for the attachment 
of cartilages. The fifteenth rib was free. The capitulum the faces of which always 
coalesce is carried in the case of the anterior rib upon a long neck; the length of 
the neck decreases as we go backward along the series to the third, and then in¬ 
creases to the sixth, after which it gradually diminishes until we reach the thirteenth 
rib, where the capitulum and tuberculum fuse with each other. The fourteenth 
and the fifteenth ribs retain only vestiges of the angle in the form of a slight swelling 
below the fused capitulum and tuberculum. 

In comparing the ribs of M or opus elatus and Moropus petersoni we discover, 
as might be expected, that the ribs of the latter are not as massive or as heavy 
throughout, the animal being smaller. 

The First Rib. 

The first rib is short, flattened, broadest at its extremity; the capitulum is 
supported upon a relatively long neck, strongly constricted before the tuberculum, 
the axis of which forms approximately a right angle with the axis of the shaft. 

Measurements (No. 1004). 

Mm. 

Length of first right rib. Measured in a straight line from top of capitulum 


to outer angle of shaft. 276 

Diameter of upper portion including head.:... 81 

Greatest diameter of shaft near the middle. 42 

Greatest diameter of shaft near end, estimated. 66 

The Second Rib. 


The second rib is a little more than one-third longer than the first rib. It is 
flattened in its lower two-thirds, somewhat wider just beyond the middle than at 
the end. The neck supporting the head is only about half as long as the corre¬ 
sponding portion of the first rib, 
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Measurements (No. 1604). 

Mm. 


Length of second right rib. Measured in a straight line. 444 

Diameter of upper portion including head. 68 

Greatest diameter of shaft near the middle, estimated. 45 

Greatest diameter of shaft near end, estimated. 45 

The Third Rib. 


The third rib is nearly twice as long as the first rib; the neck supporting the 
head is reduced in length; the shaft is convex externally. Distally for two-thirds 
of its length it is flat or very slightly concave internally. Below the tuberculum 
on the internal side is a deep groove tapering at its distal extremity and terminating 
about one-third of the length of the rib near the posterior margin. 


Measurements (No. 1604). 

Mm. 


Length of third right rib. Measured in a straight line. 546 

Diameter of upper portion including head. 66 

Greatest diameter of shaft near the middle. 40 

Greatest diameter of shaft near end, estimated. 51 


The Fourth Rib. 


The neck supporting.the capitulum is slightly longer in this rib than in the 
third rib. The shaft externally is convex; internally it is flattened and about the 
middle slightly excavated. Below the tuberculum the transverse diameter of the 
rib increases and its antero-posterior diameter diminishes. On both the anterior 
and posterior surfaces below the capitulum there is a deep groove, which gradu¬ 
ally diminishes until it disappears about one-third of the distance from the head of 
the rib. 


Measurements (No. 1604). 


Mm. 


Length of fourth right rib. Measured in a straight line. 580 

Diameter of upper portion including head. 71 

Greatest diameter of shaft near the middle. 40 

Greatest diameter of shaft near end, estimated. 47 


The Fifth Rib. 

The fifth rib is somewhat longer than the fourth. The transverse diameter 
of that portion of the rib immediately below the tuberculum is greatly increased 
and a well defined angle is developed beyond the tuberculum. The anterior and 
posterior grooves beyond the tuberculum are as long as in the preceding rib, but 
somewhat shallower. The rib on its external surface is convex; on its internal 
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surface at its extremity and below the head slightly convex, but about the middle 
flat, or slightly concave. At its distal extremity the rib curves backward. 

Measurements (No. 1604). 

Mm. 


Length of fifth right rib. Measured in a straight line. 622 

Diameter of upper portion including head. 85 

Greatest diameter of shaft near the middle. 39 

Greatest diameter of shaft near end. 49 


The Sixth Rib. 

The sixth rib in its general outlines is similar to the fifth rib; the neck sup¬ 
porting the capitulum is, however, somewhat longer and the angle beyond the 
tuberculum somewhat more pronounced. The rib is longer than its predecessor, 
and is the most massive rib of the series. 

Measurements (No. 1604). 

Mm. 


Length of sixth right rib. Measured in a straight line. 648 

Diameter of upper portion including head. 86 

Greatest diameter of shaft near the middle. 39 

Greatest diameter of shaft near end. 62 


The Seventh Rib. 

The seventh rib only slightly exceeds the sixth rib in length; it corresponds 
with it in form, the neck supporting the capitulum is, however, considerably 
shorter and the angle appears at a point somewhat further removed distally from 
the capitulum than in its predecessor. The antero-posterior diameter of the rib 
at its extremity is less than that of the sixth rib. 

Measurements (No. 1604). 

Mm. 


Length of seventh right rib. Measured in a straight line. 656 

Diameter of upper portion including head. 93 

Greatest diameter of shaft near the middle. 43 

Greatest diameter of shaft near end. 61 


The Eighth Rib. 

The eighth rib is the longest rib of the series; its antero-posterior diameter 
at its extremity is considerably less than that of the ribs preceding it; the angle is 
further advanced distally than in its predecessor. The neck supporting the 
capitulum is of about the same length as in the seventh rib. 
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Measurements (No. 1604). 

Mm. 


Length of eighth right rib. Measured in a straight line. 664 

Diameter of upper portion including head. 66 

Greatest diameter of shaft near the middle. 35 

Greatest diameter of shaft near end. 44 


The Ninth Rib. 

The ninth rib is shorter than its predecessor; the bone is very much reduced 
in all its diameters from those that precede it and shows a tendency throughout 
to become more oval in cross-section. The angle on this rib is further removed 
distally from the capitulum than in any of the ribs preceding or succeeding it 
and is followed by a flattened depressed surface externally. 

Measurements (No. 1604). 

Mm. 


Length of ninth right rib. Measured in a straight line. 634 

Diameter of upper portion including head. 67 

Greatest diameter of shaft near the middle. 29 

Greatest diameter of shaft near end. 37 


The Tenth Rib. 

The tenth rib is considerably shorter than its predecessor. Its antero-posterior 
diameter is less than in any of the ribs preceding it. The angle retreats toward 
the capitulum and is followed distally by a flattened excavated surface. In cross- 
section throughout the greater part of its length the bone is approximately oval. 

Measurements (No. 1604). 

Mm. 


Length of tenth right rib. Measured in a straight line. 605 

Diameter of upper portion including head. 60 

Greatest diameter of shaft near the middle. 25 

Greatest diameter of shaft near end. 32 


The Eleventh Rib. 

The eleventh rib is shorter than the tenth, somewhat lighter; a deep groove 
runs along its posterior face from the capitulum to beyond its middle. Its anterior 
surface is strongly convex. The angle is situated at about the same distance from 
the capitulum as in its predecessor, and, like it, followed distally by a flattened 
somewhat excavated surface. The rib in cross-section is very irregular at different 
points, but toward its extremity shows a tendency to become rotund. 
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Measurements (No. 1604). 

Mm. 


Length of eleventh right rib. Measured in a straight line. 572 

Diameter of upper portion including head, estimated. 53 

Greatest diameter of shaft near the middle. 25 

Greatest diameter of shaft near end. 29 


The Twelfth Rib. 

The twelfth rib closely resembles the eleventh rib in outline, but is shorter 
and slenderer. The capitulum and tuberculum approach each other closely, the 
neck bearing the capitulum being relatively quite short. 

Measurements (No. 1604). 

Mm. 


Length of twelfth right rib. Measured in a straight line. 556 

Diameter of upper portion including head. 51 

Greatest diameter of shaft near the middle. 23 

Greatest diameter of shaft near end. 27 


The Thirteenth Rib. 

The thirteenth rib is characterized by a fusion of the capitulum with the 
tuberculum in one mass. The capitular surface looks inward toward the centra, 
the tubercular surface looks slightly inward and strongly backward. The rib is 
much shorter than its predecessor. The angle retreats toward the capitulum, and 
is followed distally, as in the preceding ribs, by a flattened external surface. 

Measurements (No. 1604). 

Mm. 


Length of thirteenth right rib. Measured in a straight line. 510 

Diameter of upper portion including head. 49 

Greatest diameter of shaft near the middle. 25 

Greatest diameter of shaft near end. 28 


The Fourteenth Rib. 

The fourteenth rib is short, approximately rotund in cross-section throughout 
the shaft until the external third is reached, when it becomes somewhat oval. The 
angle appears as a slight roughened tuberosity situated beyond the tubercular 
articulating face, which looks backward, while the capitular surface looks forward. 
The flattened external surface which occurs just beyond the angle, and is a marked 
feature in the ribs from the ninth to the thirteenth, does not make its appearance 
in this rib. 
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Measurements (No. 1604). 

Mm. 

Length of fourteenth right rib. Measured in a straight line.460 

Diameter of head. 27 

Greatest diameter of shaft near the middle. 22 

Greatest diameter of shaft near end. 25 


The Fifteenth Rib. 

The fifteenth rib is quite short and reduced to a fine point at its extremity. 
In transverse section it is somewhat oblong from the middle to the end. At its 
upper extremity it is subtriangular in section below the angle, which is indicated 
merely as a slight tuberosity succeeding the tubercular face. The capitulum and 
tuberculum in this rib are united, the capitular surface looking forward and inward 
in relation to the vertebrae, and the tubercular surface looking inward and backward. 

Measurements M. elatus (No. 1604). 

Mm. 


Length of fifteenth rib. Measured in a straight line. 330 

Diameter of head. 27 

Greatest diameter of shaft near the middle. 24 

Greatest diameter of shaft near the end. 13 


The Sternum. 

But few remains of the sternum have been found in our quarries. The only 
portion of this element thus far detected in the material which has been excavated 
and freed from the matrix is a manubrium (No. 1763) pertaining to an apparently 
adult specimen of Moropus elatus (?) somewhat smaller in size than No. 1604. This 
manubrium has been used as the model in preparing the sternum utilized in the 
mounted skeleton. The accompanying illustration (Fig. 75) gives the outline 
of this specimen. 

The manubrium is laterally compressed as in other perissodactyls, its height 
being greater than its width. This compression is most noticeable on the under 
side, the lower portion of the bone being thin and sharp. The anterior end extends 
well in front of the surfaces for the attachment of the ribs. Back of the attach¬ 
ment for the ribs the bone is triangular in cross-section, with the superior and 
lateral surfaces subequal in diameter, while inferiorly there is a sharp, but rounded 
border or keel. The posterior end is enlarged to accommodate the mesosternum, 
and the second pair of ribs. 
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4, cross-section at posterior extremity. 


Measurements of Manubrium M. elatus (?) (No. 1763). 

Mm. 


Greatest length. 210 

Transverse diameter, anterior end. 27 

Transverse diameter, at attachment for ribs. 54 

Transverse diameter, at posterior end. 45 

Vertical diameter, near anterior end. 65 

Vertical diameter, back of attachments for ribs. 37 

Vertical diameter, at posterior end. 52 


The Fore Limb. 

(Plates LXIV-LXVIII.) 

The fore limbs, as was pointed out by Peterson in 1907, 49 compare best with 
those of the Perissodactyla. The scapula is relatively broad, and nearly as 
long as the humerus. The radius and ulna are cobssified proximally and distally, 
and in old specimens of Moropus and Nestoritherium pentelici throughout their 
entire length. The feet are mesaxonic, the line through which the weight of 
the body passes being through the lunar, the magnum, and the third digit, of 
the manus, and through the third digit of the pes. The unguals are deeply bifid. 

49 Peterson, 0. A., American Naturalist, Vol. XLI, p. 745 (1907). 
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The Scapula. 

(Plate LXIV.) 

In the material obtained by the Carnegie Museum there are a number of well- 
preserved scapula, and numerous fragments. Of the latter we shall take no 
account in the present paper. The scapula which have been cataloged, and 
which will be referred to in the succeeding paragraphs are the following: 


No. 1604 (M. elatus). 

This is a left scapula of large size, which 
was found associated with the other remains, 
which have been used in restoring the mounted 
skeleton. The right scapula in the restoration 
is artificial. 

No. 1700 (M. petersoni). 

This is a finely preserved left scapula 
employed in mounting the fore limb of M. 
petersoni, a drawing of which is herewith given 
(Fig. 76). 

No. 1706B (M. elatus). 

A large left scapula, undoubtedly referable 
to M. elatus, found associated with a pelvis and 
hind limbs (No. 1706) and portions of the hind 
feet (No. 1706A). 

No. 1712 (M. petersoni). 

A left scapula of small size, referred pro¬ 
visionally to M. petersoni. 

No. 1765. 



Fig. 76. Left scapula of M. petersoni (No. 
1700). XL 


A very small right scapula undoubtedly representing a very immature indi¬ 
vidual (species indeterminate). 

No. 1770 (M. elatus). 

A right scapula of a large individual of M. elatus. The specimen is slightly 
distorted through crushing. 

No. 1771 (M. elatus). 

A right scapula of large size from Quarry No. 2, collected by W. H. Utterback. 
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No. 1771a (M. elatus ). 

A left scapula of large size found near No. 1771, and closely resembling it in 
size and outline, so that it may well be regarded as having belonged to the same 
individual. 

No. 1775. 

Right and left scapulae of small' size, and apparently immature. Specific 
determination conjectural. 

No. 1776 (M. maximus). 

A verj r large left scapula from Quarry No. 2. Its peculiarities have already 
been referred to on p. 230, and it is represented in Figure 77. 



In specimen No. 1604, used in effecting a restoration of the skeleton, the 
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scapula has reached complete development. The posterior border is gently con¬ 
cave from the glenoid cavity to a point nearly opposite the middle of the spine, 
where the border becomes thickened and rugose, rounding outwardly and upwardly 
to the suprascapular border. The latter is quite heavy and gently rounded from 
before backward. The anterior border has a thin sharp edge, running in nearly a 
straight line, parallel to the spine from the anterior upper angle for all of two- 
thirds of the length of the bone, and then curving inwardly, showing a deep emargi- 
nation above the nodule of the coracoid. The prespinous portion of the blade 
agrees in its form and relative extent with what is found in such forms as Coenopus 
and Titanotherium. The posterior border of the scapula resembles more nearly 
that of Ccenopus tridactylus than of Titanotherium, terminating usually in an evenly 
rounded posterior angle, as in the former, and not in a prominent, heavy, and 
rugose angle, as in the latter. However, in M. maximum the outline of the posterior 
border tends somewhat to recall the form which is characteristic of the titanotheres. 
The glenoid cavity is quite large, subcircular in outline, but not very deep. The 
spine, especially in old individuals, is as prominent as in Titanotherium, and its 
crest is reflexed and has nearly as heavy and rugose a surface for muscular attach¬ 
ments as in the latter genus. The inner aspect of the scapula presents a broad and 
gently concave surface, which in old specimens is broken by ridges for tendinous 
insertions. 

The foregoing description applies to the scapula of M. elatus, but in the case 
of .the corresponding bone in M. petersoni we observe that the width in proportion 
to the height is less, and that the rugose surface of the crest of the spine is narrower, 
and not so greatly extended backward. In the scapula of M. maximus the back¬ 
ward extension of the crest of the spine is not located at the middle of the crest as 
in M. elatus and M. petersoni, but at its lower extremity (see Fig. 77), thus giving 
the bone quite a different facies from that presented by the same element in the 
other two species. 

Measurements of Scapula. 



No. 1604 

No. 1700 

No. 1776 

No. 1765 


{elatus), 

{petersoni). 

{maximus) , 

{sp. indet.) 


mm. 

mm. 

mm. 

mm. 

Height. 

. 528 

423 

593 

323 

Greatest width. 

. 327 

240 

460™ 

175 

Width of neck. 

.. 109 

80 

170 

60 

Antero-posterior diameter of glenoid cavity. 

. 104 

75 

137 

72 

Transverse diameter of glenoid cavity. 

. 103 

80 

5i 

62 

Vertical diameter of coracoid process. 

. 49 

35 

62 

35 

Greatest height of spine above blade. 

. 93 

80 

133 

55 

Greatest width of thickened edge of spine. 

. 57 

32 

88 

15 

50 Conjectural. 

61 Badly crushed. 
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The Humerus. 

(Plate LXVI.) 

The humerus, when compared with that of Titanotheriwn, is long and slender. 
The head is quite large and the articulating surface is evenly rounded. The 
tuberosities, though robust, are not more strongly developed than in other Oligo- 
cene and Miocene Perissodactyla, but project above the articular surface very 
much as in the latter. The bicipital groove, as stated by Peterson ( l. c., p. 745), 
is single, quite broad, but shallow when compared with that of other Perisso¬ 
dactyla. The deltoid ridge is prominent, extends well down on the shaft, and is 
flexed backward over the external face of the shaft. The shaft below the deltoid 
ridge is trihedral in cross-section, due to the continuation on the anterior face 
of the shaft of a prominent ridge from the deltoid downward to the supratrochlear 
fossa (see Plate LXVI) as well as to the heavily developed posterior internal angle 
of the shaft, and the development of the ectocondylar ridge. 

The distal end of the humerus is quite unlike that of the Perissodactyla gener¬ 
ally, and recalls some of the features which occur in the Ursidce among the carni¬ 
vores. This end of the bone has a primitive appearance, and has already been 
compared by Peterson with Phenacodus from the early Tertiary (l. c., p. 746). 
The distal extremity is much expanded transversely, the trochlea is very broad, 
with well-rounded articulating surfaces for the radius, and the intercondylar ridge 
is represented by a large, evenly convex area for the ulna, close to the deepest 
portion of the trochlea, an arrangement unlike the more or less decided ridge which 
is generally found at this point in the Perissodactyla. The ectocondylar ridge is 
prominent, but not so much so as in other persissodactyls, e. g., the Titanotheriidce, 
while the strong development of the entepicondyle is entirely unlike what is found 
in the true Perissodactyla, and strikingly suggests what is seen in Ursus. The 
animal was evidently provided with an unusual development of the pronator teres 
and the different flexor ligaments of this region. The anconeal fossa is deep and 
broad, while the supratrochlear fossa is rather small and shallow. 

In Nestoritherium pentelici the proximal end of the humerus, as represented 
by a cast of the specimen preserved in Paris, is injured. The articulating surface 
of the head is, however, preserved, and is apparently identical in its general features 
with that of Moropus. The deltoid crest appears to decrease more gradually in 
its downward course, and the anterior face of the shaft presents a heavier and more 
rounded ridge running from the deltoid to the supratrochlear cavity than in the 
American genus. The ectepicondyle is more, and the entepicondyle less, developed 
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than in Moropus, and the transverse diameter of the trochlea is relatively smaller, 
due to the narrower capitellum for the articulation with the radius. The anconeal 
fossa is similar in every respect in the two genera, which we are comparing; but the 
supratrochlear fossa is apparently less distinct in the animal from Pikermi. The 
humerus as a whole is relatively shorter and heavier in N estoritherium than in the 
American genus. 

In Macrotherium, as shown by the illustrations given by Blainville, the humerus 
differs from that of Moropus and Nestoritherium by having the deltoid ridge less 
extended downwardly, by the apparently smaller internal condyle, and by the 
greater development of the lower radial portion of the shaft and the region of the 
entepicondyle. 


Measurements of the Humerus. 


Greatest length. 

Transverse diameter at head. 

Antero-posterior diameter at head. 

Greatest transverse diameter at distal end 

Transverse diameter at trochlea. 

Antero-posterior diameter at distal end. . . 


No. 1604 

No. 1700 

( elatus ), 

(petersoni), 

ram. 

mm. 

.. 635 

464 

.. 200 

150 

.. 160 

110 

.. 210 

142 

. . 144 

104 

.. 108 

85 


Radius and Ulna. 

(Plate LXVII.) 

There are a number of individuals, possibly eight or ten, represented by the 
radius and ulna in the Carnegie Museum. 

The radius and ulna are long and slender. In fully adult individuals these 
two bones generally coalesce at least proximally and distally. In M. elatus (No. 
1604) the ulna and radius are coossified throughout, except for a large oblong 
opening between the two shafts a short distance below the head of the radius. 

The Radius. —The head of the radius is very broad transversely in order to 
conform to the broad trochlea of the humerus. Proximally there are two large 
facets for the humerus, which are divided by a prominent ridge. The facet on the 
ulnar side of the ridge is the larger of the two, and forms a shallow basin, while the 
facet on the radial side is more nearly plane. Posteriorly there is a broad attach¬ 
ment for the ulna, while anteriorly and on the sides the head of the radius is rather 
smooth. The shaft is twisted upon its own axis and is not much widened trans¬ 
versely, as is generally the case in the early ungulates, rather suggesting the primi¬ 
tive condition found in the Oligocene oreodonts. In No. 1604 there is a prominent 
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rugosity on the lower half of the radial face of the shaft for muscular attachments. 
From this point downward to the distal end the dorso-radial angle of the shaft is 
developed into a strong ridge, which terminates in the greatly produced styloid 
process of the radius somewhat as in Titanotherium. Dorsally there is a broad, 
deep, well-defined groove for the extensor tendons. Peterson ( l. c., p. 746) says: 
“The distal end of the radius and ulna together have a transversely broad aspect, 
the carpal articulation is characteristically plain without the prominent border 
r ridge] which separates the scaphoid and lunar facets in other Perissodactjda.” 
The articular surface for the cuneiform on the ulna projects only very slightly 
below the radius, and forms with the lunar articulation on the radius a continuous 
and gently curved surface. The suture between the radius and ulna is well indi¬ 
cated on the distal articulating surface of the bone. 

The Ulna (PI. LXVII).—The ulna is rather heavy, its olecranon process heavy 
and truncated, convex and very rugose externally, concave and smooth internally, 

and without a tendinal groove supero-an- 
teriorly. The sigmoid notch is quite deep; 
the principal part of its lower portion located 
on the radial side and facing upward and 
forward, while on the ulnar side the coronoid 
process is rather small. Below the sigmoid 
cavity there is on the anterior face of the 
shaft a broad attachment for the correspond¬ 
ing surface on the head of the radius. The 
shaft is quite heavy, trihedral in cross-sec¬ 
tion and twisted to conform to the curva¬ 
ture of the shaft of the radius. 

The radius and ulna in Nestoritherium 
pentelici closely resemble the same bones 
Fig. 78. l. Distal articulating surface of j n Moropus. In the remains from Greece 

left ulna-radius of M. pdersoni. XI 2, do. the olecranon process is, however, more trun- 
of right ulna-radius of Nestoritherium pentelici. ..... 

, cated; the upper part of the sigmoid notch 

X 3* 

less prominently developed; and the shaft 
proportionally heavier. In fact the forearm as well as the humerus are shorter 
and stouter in Nestoritherium than in Moropus. 

If the radius of Macrotherium figured by Blainville belongs to the same indi¬ 
vidual as the humerus depicted by him, the lower arm in this genus must have 
been proportionally much longer than in either Moropus or Nestoritherium. 
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Measurements of Ulna-Radius. 



No. 1604 

No. 1700 

No. 1782 


( elatus ), 

(peter soni), 

(petersoni ), 


ram. 

ram. 

mm. 

Greatest length of ulna. 

... 709 

575 

540 

Length of olecranon process. 

... 177 

116 

116 

Transverse diameter of ulna at the upper margin of the sigmoid notch.. 

... 45 

38 

35 

Transverse diameter of ulna at middle of sigmoid notch. 

... 45 

37 

35 

Transverse diameter of ulna at coronoid process. 

... 145 

95 

83 

Antero-posterior diameter of ulna at upper margin of sigmoid notch. . . . 

... 118 

90 

90 

Antero-posterior diameter of ulna at middle of sigmoid notch. 

.. . 72 

57 

55 

Antero-posterior diameter of ulna at coronoid process. 

... 70 

65 

60 

Antero-posterior diameter of ulna at distal articular surface. 

... 45 


27 

Transverse diameter of ulna at distal end. 

... 40 


27 

Greatest length of radius. 

... 580 

460 

452 

Antero-posterior diameter of head of radius. 

... 56 

45 

42 

Transverse diameter of head of radius. 

... 140 

110 

102 

Transverse diameter of head of radius and ulna united. 

... 148 

110 

105 

Transverse diameter of distal articulating surface of radius and ulna united 184 

102 

91 


The Fore Foot. 

(Plates LXVIII-LXIX.) 

The carpus is diplarthrous, low, and broad. The metacarpals are long, 
cylindrical, very robust, and have curiously shaped distal ends, especially adapted 
for the reception of the anomalous phalanges, and the sesamoids on the plantar 
surface. The phalanges are rather short and heavy. The terminal phalanges are 
cleft at their extremities, and in life were covered by high and narrow hoofs. 

The Carpal Elements. 

The bones of the carpus are represented in our collection by scores of speci¬ 
mens coming from a multitude of individuals. In the following descriptions we 
have mainly utilized the material represented in the articulated skeleton, though 
frequently employing other specimens for purposes of comparison. 

The Scaphoid (Fig. 79).—The scaphoid is heavy and very broad. The general 
shape of this bone is strikingly similar to the scaphoid of the Titanotheriidce. The 
proximal surface, or the articulation for the radius, is even more plane, but covers 
a relatively smaller area than in the latter family, the postero-ulnar portion of the 
bone continuing as a rough and uneven surface in Moropus elatus, while in Titano- 
therium the articulation covers nearly the entire proximal face. Anteriorly, 
radially, and posteriorly, the scaphoid of No. 1604 is symmetrically rounded 
in outline. The ulnar face has two facets for the lunar, near the anterior face, 
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one superior and the other inferior (see Fig. 79, 2). The former is plane and 
suboval in outline, while the latter is divided by a rounded ridge, which is nearly 
vertical in position. The portion anterior to this ridge is a basin-shaped surface 
suboval in outline, and the portion back of the ridge is plane and triangular in 
outline. These features vary somewhat in different individuals. Immediately 
anterior to these articulating surfaces the bone is deeply excavated forming a 
large and irregularly shaped cavity when the scaphoid and lunar are placed in posi¬ 
tion. This cavity is rapidly contracted posteriorly at the point between the upper 
and lower facets for the lunar, described above, and continues to the palmar face 
of the scaphoid. On the ulnar face, back of the superior lunar facet, there is a 

heavy and rough ridge, but no articular 
facet for the lunar. The facets for the 
trapezium, trapezoid, and magnum take 
up the distal face of the scaphoid in an 
unusually unequal manner, the facet for 
the trapezoid occupying by far the greater 
portion of the three. The facet for the 
trapezium is convex fore-and-aft as well 
as laterally and takes up the inferior face 
of a prominent tubercle, which is located 
on the postero-radial angle and descends 
to a considerable extent over the supero¬ 
lateral face of the trapezoid. The articular facet for the trapezoid is obliquely 
concave antero-posteriorly and somewhat saddle-shaped in its general form, due 
to the prominence of the arm, which, extending in the ulnar direction, articulates 
with the magnum; and also due to the low facet for the trapezium described above. 
The facet for the magnum is confined to the distal end and very slightly to the 
postero-ulnar angle of the heavy descending arm of the scaphoid (see Fig. 79, 1, 2 
and 4). This arm of the scaphoid has been referred to by Mr. Peterson as a 
possible remnant of the centrale, which was characteristic of the early Tertiary 
mammals. 51 

The greater portion of the fore foot and the lower portion of the radius and 
ulna of Nestoritherium are represented by plaster casts in the Carnegie Museum. 
The scaphoid as represented in these is unlike that of Macrotherium and Moropus 
elatus, in having a much smaller vertical diameter, and by the extremely small 
development of the descending arm on the ulnar angle. Furthermore the broad 
51 “Preliminary Notes on Some American Chalicotheres/’ American Naturalist, Vol. XLI, p. 747 (1907). 



Fig. 79. Scaphoid of M. elatus (No. 1604). X4- 

1, anterior view; 2, internal lateral view; 3, radial 
view; 4, posterior view; 5, inferior view; 6, superior 
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palmar process is more prominent, and the articulating facet for the trapezoid 
is decidedly basin-shaped, while in Macrotherium and Moropus it is more saddle- 
shaped, due chiefly to the descending process on the dorso-ulnar angle described 
above. The principal articulation for the magnum is therefore confined to the 
posterior portion of the scaphoid, while in Macrotherium and Moropus they are 
located more dorsally. There is no facet for the trapezium, the radial angle of 
the scaphoid having no such development as in Moropus. 

While the scaphoid of Macrotherium is higher than in Nestoritherium and has 
the heavy descending radial arm as in Moropus, it differs from the same element 
in the latter genus in almost every detail. The articulating surface for the radius 
of Macrotherium covers the entire superior face and is concave antero-posteriorly, 
while in Moropus the surface is plane and does not extend to the posterior face. 
The latter face of the scaphoid in Moropus as well as in Nestoritherium has a rugose 
palmar tubercle, which extends directly backward and is provided with no portion 
of the articular facet for the radius, while in Macrotherium, the palmar tubercle 
is directed more upward and backward with the facet for the radius well back 
towards the extreme posterior face. The articulating face for the lunar is con¬ 
fined almost entirely to the ulnar face of the distal beak-like process, the proximal 
portion of the bone having rather poorly defined facets for the lunar. The beak¬ 
like process appears less cube-like than in the American form and is more wedge- 
shaped with the apex directed backward. This process however extends down¬ 
ward and outward and comes in contact with the magnum in a similar manner 
as in Moropus elatus. Distally the scaphoid is taken up almost entirely by the 
large and obliquely concave facet for the trapezoid. There is apparently no 
facet for the trapezium. Altogether the scaphoid in Macrotherium and Nestori- 
therium is unlike that in the Titanotheres, while in Moropus elatus this bone is 
more similar to that of the Titanotheres. 

Measurements of Scaphoid. 



No. 1604 

No. 1700 

No. 1424 


(M. elatus). 

(M. petersoni), 

( M . hollandi), 


mm. 

mm. 

mm. 

Greatest transverse diameter. 

. 54 

38 

40 

Greatest antero-posterior diameter. 

. 62 

44 

52 

Greatest vertical diameter. 

. 54 

34 

40 


The Lunar (Fig. 80).—The lunar has a smaller transverse, but greater antero¬ 
posterior and vertical, diameter than the scaphoid. The articulating face for the 
radius is very convex antero-posteriorly and very gently convex laterally. This 
facet does not extend in the palmar direction as in Titanotherium, the palmar proc- 
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ess being developed only interiorly, while in Titanotherium the process is somewhat 
bifurcated, with a heavj' inferior and a lighter superior portion. Aside from the 
elevated portion of the palmar process in Titanotherium the general outline of the 
lunar in the two genera is not unlike. The articular facets for the scaphoid are 
located near the dorsal face; the upper one is on a prominent tubercle, as is well 
shown in Fig. 80, 3, while the one distally is sometimes divided into two portions, 
and fits neatly into the corresponding facet on the scaphoid described above. 
More distally the beak of the lunar has a large facet for the magnum, which is 
sub-triangular in outline. The posterior continuation of this facet for the magnum 
is basin-shaped and takes up the entire inferior face of the large palmar hook. 

This is not the case in Titanotherium, 
in which the inferior face of the palmar 
hook is more nearly equally divided 
for the magnum and unciform. On the 
ulnar side of the beak of the lunar in 
Moropus is an irregularly shaped facet for 
the unciform, which is divided into an an¬ 
terior and posterior portion, by an evenly 
rounded transverse ridge of considerable 
prominence. The anterior portion is the 
smaller and is slightly concave trans¬ 
versely, convex antero-posteriorly, and 
subtriangular in outline, while the posterior portion is a shallow basin with more 
nearly triangular outlines. On the ulnar face there is one large plane facet for the 
cuneiform, which is D-shaped in its general outline in No. 1604. From Fig. 80, 2, 
it is seen that this facet is quite imperceptibly separated from the one for the 
unciform immediately below it. This slight separation is caused by a smooth 
rounded ridge, which extends antero-posteriorly and is plainty shown by the 
illustration. Above this facet the lunar is deepl} T excavated, forming a large sinus 
when the cuneiform is placed in contact with the lunar. In some individuals 
there is a minute facet for the cuneiform on the extreme upper margin, which 
indicates that the upper parts of the cuneiform and lunar sometimes actually came 
• in contact with one another. 

The palmar process of the lunar in Nestoritherium is much shorter than in 
Moropus, but otherwise these bones in the two forms are very similar in general 
outline. The facets for the unciform and cuneiform respectively on the ulnar 
side of the distal beak are less distinctly separated in Nestoritherium than in 



Fig. SO. Lunar of left manus of il/. elatus (No. 
1604). XJ. 1; dorsal, 2,-ulnar, 3, radial, 4 poste¬ 
rior, 5, inferior, 6, superior, views. 
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Moropus. The posterior portion of the facet for the magnum is also less deeply 
excavated in the former genus. 

The most noticeable difference in the lunar bone of Macrotheriwn, when com¬ 
pared with the same bone in Moropus elatus or Nestoritherium, is detected in the 
almost total absence of the palmar hook in the former genus. This process, which 
is so prominently developed, especially in Moropus, is represented only by a minute 
eminence in Macrotherium. Other striking differences are manifested in the 
imperfect or absent proximal articular facet for the scaphoid, the ulnar position of 
the distal beak, and the rather small contact between the lunar and unciform in 
Macrotherium from Sansan. 

Measurements of Lunar. 

No. 1604 No. 1700 

( M . elatus), ( M . petersoni). 


Greatest transverse diameter.•.. 50 41 

Greatest antero-posterior diameter... •. 68 46 

Greatest vertical diameter.:. 60 34 



Fig. 81. Cuneiform of M. elatus, (No. 1604). 
XL 1, ulnar view; 2, radial view; 3, inferior 
view; 4, superior view. (Specimen some¬ 
what defective.) 




Fig. 82. Cuneiform of left manus of M . elatus (No. 
1800). XL 1, anterior, 2, ulnar, 3, radial, 4, poste¬ 
rior 5, distal, 6, proximal, views. 


The Cuneiform (Figs. 81-82).—In examining the illustrations, it may be 
noticed that the cuneiform of No. 1604 (see Fig. 81) is injured at its dorso-radial 
angle. By comparative measurements obtained from other individuals it is 
learned that the antero-posterior diameter of the cuneiform is greater than any of 
the carpals of the first row, while its transverse diameter is considerably less. 
This is illustrated in Fig. 82, where we have given a drawing of a perfect specimen 
(No. 1800). A great portion of the ulnar face is occupied by a prominent eminence 
for muscular attachments. From the anterior part of this eminence the dorso- 
ulnar angle tapers rapidly, forming a sharp vertical ridge of the dorso-radial border 
of the bone. On the palmar face there is a large ascending tubercle, which plays 
a prominent part in the support of the articulation for the pisiform. The proximal 
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face is taken up by the articular facets for the pisiform and the ulna. The facet 
for the ulna is gently convex transversely, concave antero-posteriorly; it occupies 
nearly two-thirds of the proximal face, and its general outline is a long oval. The 
facet for the pisiform occupies more than one-third of the proximal face; it has an 
elevated position on the postero-ulnar portion of the bone, and is separated from 
the facet for the ulna by a gently rounded ridge in a manner which gives the articular 
surface a wedge-shaped outline, with the postero-ulnar portion of the facet the 
broadest, and the apex directed dorso-radially. The radial face has, distally, 
a large plane facet for the lunar, crescent-shaped in outline, while proximally 
there is sometimes a minute facet on the overhanging proximal border, touching a 
corresponding small facet on the ulnar face of the lunar already described. Between 
these two facets the face of the bone appears to be excavated, due in a great measure 
to the overhanging superior border mentioned above, and which is also plainly 
indicated in the illustration, Fig. 82, 1, 4. 

The posterior portion of the cuneiform of Nestoritherium, as represented by 
the cast, is broken off, but what remains indicates similarity to that of Moropus. 
The cast as a whole reveals a bone having relatively a smaller vertical diameter 
than in Moropus, the dorso-radial angle less sharply developed, and the articular 
facet for the unciform more sharply concave antero-posteriorly than in the American 
genus. 

In Mcicrotherium the posterior part of the cuneiform is also broken off, but from 
the anterior portion it is very evident that the bone is quite different in its general 
outlines and also in minuter details. Thus the dorso-radial angle is very high pro¬ 
portionally and very rapidly decreases in height in the ulnar direction, due to the 
extremely oblique or almost lateral articular facet for the ulna. The transverse 
line of contact between the carpus and the ulna-radius is thus unusually convex 
transversely, especially on the ulnar side. In Moropus elatus and Nestoritherium 
the proximal articulations of the cuneiform are even somewhat less oblique than 
in Titanotherium, the facets for the ulna and pisiform of the American genus 
being not unlike those in the Titanotheres. The cuneiform of Titanotherium is, 
however, relatively smaller and the superior and inferior facets for the lunar are of 
more nearly equal size than in Moropus elatus. 

Measurements of Cuneiform. 

No. 1604 No. 1700 

(M. elatus), (M. petersoni), 

mm. mm. 


Greatest transverse diameter. 46 30 

Greatest antero-posterior diameter. 69 49 

Greatest vertical diameter. 43 30 
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The Pisiform (Fig. 83).—The pisiform of No. 1604 is not present, but this 
element of the carpus is well represented in the abundant material in the Carnegie 
Museum. The pisiform of a fore foot (No. 1442) has been selected for description 
as it has been employed in the mounted skeleton of Moropus elatus. The large 
facet on the cuneiform for the pisiform has been referred to above and the pisiform 
is found to correspond in magnitude, as shown in Fig. 83. The facets for the 
cuneiform and ulna are sub-equal in size and are separated by a sharp ridge; the 
former facet is nearly parallel with the long axis of the bone, while the latter has a 
more oblique position. Immediately back of the facets there is a prominent 
swelling on the internal face, which extends from the inferior border and increases 
in prominence in its upward course, terminating in a large tubercle on the superior 
border of the bone. Back of this enlargement the shaft of the pisiform is con¬ 
stricted and its free end is again expanded and abruptly rounded. 

The pisiform of Nestoritherium is very similar to that of Moropus elatus, 
but this bone is not represented in the cast of the fore foot of Macrotherium in 
the Carnegie Museum. 

Measurements of Pisiform, 

No. 1442 No. 1700 

( M . elatus ), (M. petersoni ), 

mm. mm. 


Greatest length. 74 46 

Greatest transverse diameter. 34 24 

Greatest vertical diameter at free end..46 33 



Fig. 83. Pisiform of left manusof M. elatus (No. 1442). 
Xi- 1; dorsal view; 2, palmar view; 3. articular view; 4, 
superior view; 5 ; inferior view. 



Fig. 84. Trapezium of M. elatus (No. 
1604). XJ. 1, superior view; 2, inferior 
view; 3, internal view; 4, radial view. 


The Trapezium (Fig. 84).—The trapezium is moderately large, in shape 
asymmetrical and nodular. The ulnar face of the bone is taken up by a large, plane, 
articular surface for the trapezoid and Me. II (see Fig. 84, 3). On the superior 
face of the bone is an articular facet for the scaphoid, irregularly oblong in outline 
(Fig. 84, 1); this facet is slightly concave laterally in order to conform with the 
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smoothly convex tubercle of the scaphoid, which overhangs the radial faee of the 
trapezoid, a feature lacking in M. hollandi (see Fig. 12, p. 232). On the antero- 
ulnar angle is a third facet, which is the smallest of the three. This facet is plane 
(see Fig. 84, 1, 3), sub-triangular in outline, and articulates with the trapezoid 
on the postero-radial face of a heavy process, which projects strongly in the postero- 
radial direction in the trapezoid, when it is in position in the carpus. This is a 
second feature which does not appear in the trapezoid of M. hollandi (see Figs. 11 
and 12, p. 232). The inferior and radial views present rough and unevenly convex 
faces, sub-triangular in outline, and are well illustrated in Fig. 84, 2, 4. Antero- 
radially the trapezium terminates in a heavy tuberosity which is abruptly rounded. 

As indicated by the smooth surface of the radial face of the trapezoid and facets 
on the radial angle of the head of Me. II in the cast of Nestoritherium there was 
undoubtedly a trapezium present in the foot of the animal found at Pikermi. 
This bone apparently did not articulate with the scaphoid as in Moropus elatus, 
due to the lack of the well-developed "tubercle on the distal radial angle of the 
scaphoid as described above, a feature in which Nestoritherium and Macrotherium 
resemble M. hollandi. 

That the scaphoid of Nestoritherium was able to glide over the inner faee of 
the trapezoid to reach the head of Me. II as suggested (c/. Zittel) is untenable, 
because (1) there are no facets indicated on the scaphoid in the cast to correspond 
with the small facets on the radial face of the head of Me. II; and (2) there would 
be too much displacement of the entire carpus to allow such extreme flexion. 

There is no trapezium present in the cast of the foot of Macrotherium, nor is 
there any apparent indication of articular facets for this element on the scaphoid 
or Me. II as in Moropus elatus and Nestoritherium. From the downward con¬ 
tinuation of the articulation of the scaphoid on the radial palmar angle it appears, 
however, that this element may possibly have been present in Macrotherium. 
Zittel (p. 310) states that the trapezium was reduced. 

Measurements of Trapezium. 

No. 1604 
(M. elatus), 


Greatest transverse diameter. 28 

Greatest antero-posterior diameter. 46 

Greatest vertical diameter. 30 


The Trapezoid (Fig. 85).—The trapezoid of Moropus elatus is of large size, as 
in the European genera Macrotherium and Nestoritherium. Viewed from above 
or beloiv the bone is triangular in general outline (Fig. 85, 2, 3), while from other 
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points of view it is more quadrate in appearance. Dorsally~the bone presents a 
heavily rugose surface, which terminates abruptly near the inferior face and is 
succeeded by the beak-like process of the distal articulation pointing outward, 
downward, and slightly overhanging the superior anterior angle of Me. II. Superi¬ 
orly the bone is almost entirely taken up by the large facet for the scaphoid, which 
is irregularly convex from side to side and concave antero-posteriorly. On the 
radial angle the transverse convexity is very pronounced and the continuation of 
the surface descends perpendicularly to accommodate the overhanging tubercle 
on the postero-radial face of the scaphoid. The facet for the trapezium is located 
on this vertical and broad articular surface, and is not separated above from the 
articulation for the scaphoid (see Fig. 85, 2, 6). On the ulnar face are two rather 
small facets for the magnum; one is located in¬ 
teriorly and near the palmar angle, and the other 
is located more superiorly and in the middle of 
the bone nearly equidistant between the dorsal 
and palmar faces of the trapezoid. The two 
facets are separated by a large and deep exca¬ 
vation, the posterior facet being surrounded on 
three sides by this deep fossa. In front of the 
anterior facet is also a sinus of less depth, pro¬ 
duced by the very prominent ridge on Me. II, 
separating the trapezoid and magnum near their 
dorsal faces. Posteriorly the trapezoid termi¬ 
nates in a sharp ridge which is nearly vertical in position. On the radial side of this 
ridge are the facets for the scaphoid and trapezium and on the ulnar side is the rough 
and deeply excavated surface described above. Distally the large facet for Me. II is 
divided into two nearly sub-equal portions by a sinuous and gently rounded ridge. 53 
The facet as a whole has an oval outline with a concave surface antero-posteriorly 
and unevenly convex transversely. 

The trapezoid of Nestoritherium, as represented by the cast, differs from that 
of Moropus in its general outline as well as in its details of structure. The dorsal 
face is more irregular in outline than in Moropus, due to the development of a 
broad process on the ulnar side, extending well down over the head of Me. II. 
The posterior portion of the facet for the scaphoid is hemispherical in order to 
receive the concave facet of the latter bone, while in Moropus this portion of the 
facet is concave transversely. The articulation for the magnum is also located 

53 In some individuals this ridge is practically absent, the facet being single. 



Fig. 85. Trapezoid of left foot of M. elatus 
(No. 1800). Xi- 1, dorsal view; 2, superior 
view; 3, inferior view; 4, palmar view; 5, ulnar 
view; 6, radial view. 
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nearer the palmar border of the trapezoid in Nestoritherium, so that the large 
excavated area back of this facet seen in Moropus is confined to a small surface on 
the extreme postero-ulnar angle. 

In Macrotherium from Sansan the outline of the trapezoid is similar to that 
in Moropus, but it is of relatively larger size and the structure of the bone is also 
quite different in minor details. The dorsal face of the bone in Macrotherium is 
more unevenly convex supero-inferiorly with a greater projection in the ulnar 
direction, though not nearly as great as in Nestoritherium. Radially the facet for 
the scaphoid, though very convex transversely and extending well down, does not 
reach the facet on the distal face for Me. II as does the facet on the trapezoid 
of Moropus elatus. There was probably no trapezium in Macrotherium. The 
palmar face of the trapezoid is also much less angular both in Macrotherium and 
Nestoritherium. 

Measurements of Trapezoid. 

No. 1604 No. 1700 

( M . elatus ), ( M. petersoni), 

mm. mm. 


Greatest transverse diameter. 56 48 

Greatest antero-posterior diameter. 55 41 

Greatest vertical diameter. 48 35 


The Magnum (Fig. 86).—The magnum of Moropus elatus is of large size and 
has the greatest antero-posterior diameter of all the carpals. Its dorsal face is 
highly characteristic, having a heavy truncated protuberance which extends well 
dorsad and forms on the distal face a rough articular surface for the proximo-ulnar 
angle of Me. II (Fig. 86, 1, 2, 3, 5, and 6), as described by Peterson (c/. The Am. 
Naturalist, Vol. XLI, p. 747 (1907)), and also well illustrated in the articulated 
carpus (PI. LXVIII, Figs. 1 and 2). On the radial face are seen four articular 
facets (Fig. 86, 2). The largest of these facets is for Me. II. This facet is quite 
irregular in outline, convex supero-inferiorly, and also slightly convex antero- 
posteriorly. Immediately above this facet is a deep excavation, which continues 
in the palmar direction and forms part of the large sinus between the trapezoid 
and magnum on the palmar face of the manus. Directly above the excavation 
mentioned is a small oblong facet for the trapezoid near the proximal angle; a 
second and larger facet for the trapezoid is seen immediately anterior to the 
excavated area, which is nearly square in outline. Continuously with, and directly 
above the latter facet, is the fourth facet, which is round in outline, shallow, and 
basin-shaped, receiving the projecting tuberosity of the scaphoid described above. 
On the ulnar face is a large, plane, articular surface, which is suboval in outline 
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Fig. 86. Magnum of left manus of M. elatus (No. 
1604). X|. 1, dorsal, 2, radial, 3, ulnar, 4, posterior. 

5, proximal, 6, distal, views. 


and articulates with the unciform. In front and back of this articulation the 
ulnar face of the bone is excavated in a manner similar to that on the radial face 
(Fig. 86, 3). There is a palmar hook of considerable size which extends well down 
and helps to support the palmar portion of the large articular surface for Me. III. 
On the superior face the anterior portion of the facet for the lunar lies on the ulnar 
side of a sharp crest (Fig. 86, 5), while farther back the surface rises and broadens, so 
that the posterior portion of the lunar 
takes up the entire postero-proximal 
face of the bone. The articulation for 
the scaphoid lies on the radial side of 
this crest and is described above. 

Distally there is one large and irregu¬ 
larly shaped facet for Me. III. This 
facet is divided into two portions by 
a lateral constriction, and sometimes 
also by a faintly developed ridge 
which extends nearly directly antero- 
posteriorly. 54 The portion on the radial side of the ridge is the smaller and is 
much concave antero-posteriorly, while the larger portion of the ulnar side rises 
upward and outward in an oblique manner in the anterior region and descends 
posteriorly, forming a broad beak-like process of the palmar termination. The 
magnum is thus wedged in between Me. II and III in such a manner as to impart 
almost complete rigidity to the bone, while its proximal surface shows more indi¬ 
cation of flexure between magnum and lunar. 

In Nestoritherium the general outline of the magnum is strikingly similar to 
that in Moropus. There are differences in detail, however, of which the most 
noticeable is the absence of the large square facet (for the descending arm of the 
scaphoid (see Fig. 79, 1 and 4, p. 338)) on the proximal face at the dorso-radial 
angle, which is present in the American genus. The curvature of the facet for 
the lunar is also gentler in Nestoritherium than in Moropus. 

The cast of the magnum of Macrotherium from Sansan employed for com¬ 
parison indicates that this bone is incomplete, especially in the distal palmar 
region. The anterior portion, which appears to be more complete, presents a 
general similarity to the same bone in Moropus elatus, except for the absence of the 
large truncated tubercle on the dorsal face, which is so conspicuous in Moropus 
and Nestoritherium. The facet for the scaphoid in Macrotherium is more distinctly 

84 In No. 1604 there is evidence of this ridge. 



348 


MEMOIRS OF THE CARNEGIE MUSEUM. 


crowded over to the dorso-radial angle, and the anterior portion of the lunar facet 
in consequence occupies a larger part of the anterior region and is more proximal 
in position than in Moropus elatus or Nestoritherium. In Titcinotherium the mag¬ 
num differs from these genera in having the superior face more nearly sub-equally 
divided between the scaphoid and lunar, in having the palmar portion of these 
facets more steeply elevated, and in having a more conspicuous palmar hook. 


Measurements of Magnum. 



No. 1604 

No. 1700 

No. 1424 

No. 907S A.M. 


(AT. elatus). 

(A/, pelersoni), 

(AT. hollandi ), 

( M . vialthewi). 


mm. 

mm. 

mm. 

mm. 

Greatest transverse diameter. 

. 43 

30 

30 

43 

Greatest antero-posterior diameter. 

. 85 

72 

65 

70 

Greatest vertical diameter. 

. 62 

36 

45 

57 


The Unciform (Fig. 87).—The unciform is of large size, and, as in Titano- 
tlierium, is more or less triangular in appearance, especially when seen from above 
or below. The transverse diameter of the unciform is the greatest of all the carpal 
bones, while the antero-posterior diameter is very nearly as great as that of the 
magnum. The dorsal surface is rugose, somewhat excavated, and there is developed 
on the radial angle a large tubercle which is compressed vertically, expanded 
transversely, and extends well in the radial direction when in position in the carpus 
(Fig. 87, 3). Radially the bone has two facets of equal size; the superior, which 

articulates with the magnum, is nearly plane and 
sub-quadrate in outline; the inferior is concave an¬ 
tero-posteriorly, slightly convex supero-inferiorly, 
and articulates with Me. Ill (Fig. 87,4). Anterior 
and posterior to these facets this figure plainly indi¬ 
cates rugose excavations and two heavy processes; 
the larger is the dorsal tubercle described above, and 
the smaller is the palmar process. The superior face 
of the unciform is divided into two subequal articu¬ 
lations by a prominent ridge which extends nearly 
in a straight line fore-and-aft. The facet for the 
lunar on the radial side of the ridge is concave laterally near the radial face, but 
rises suddenly in the palmo-ulnar direction, so that this region of the facet is 
convex both transversely and antero-posteriorly, and the general outline of the 
whole surface is diamond-shaped. The facet for the cuneiform is sub triangular 
in outline and convex antero-posteriorly and slightly concave transversely, especi- 



Fig. 87. Unciform of left manus of 
M. elatus ( No. 1G04). XJ. 1, proximal, 
2, distal, 3, dorsal, 4, posterior, views. 
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ally near the dorsal margin of the facet (Fig. 87, 1). The inferior face of the unci¬ 
form is occupied by the large facet for Me. IV, which is subovate in outline. The 
dorsal portion of this facet occupies a lower position and is slightly convex from 
side to side, while farther back it rises gently and again descends near the palmar 
face so as to form on this portion of the facet a saddle-shaped surface. There is 
no facet for Me. V on the unciform. 

The unciform of Nestoritherium, though broad, has not the great development 
on the dorso-ulnar angle which obtains in Moropus. Furthermore, there is no true 
palmar process as in the latter genus, the bone being more heavily built in this 
region. The facet for the cuneiform descends lower down on the dorsal face than 
in Moropus and ascends more gradually to the radial palmar angle. There is no 
indication of a facet for Me. V. 

There is no unciform present in the cast of the manus of Macrotherium. In 
Titanotherium the unciform differs most prominently from that in Moropus elatus 
by having a large facet for Me. V, a proportionally larger palmar tubercle and 
the dorso-radial angle less produced. 

Measurements op Unciform. 

No. 1604 No. 1700 

(M. elatus ), ( M . petersoni), 

mm. mm. 


Greatest transverse diameter. 75 55 

Greatest antero-posterior diameter. 81 38 

Greatest vertical diameter. 57 41 


The Metacarpals. 

Metacarpal II (Fig. 88).—The second metacarpal is the heaviest and the 
shortest of the series. The proximal end has a great transverse expansion due to 
the heavy tuberosities on the radial and ulnar angles. The proximal end carries 
six facets. The first is for the trapezium and is located on the radial angle immedi¬ 
ately back of the tuberosity on the dorso-radial angle, which is mentioned above 
and the tuberosity well illustrated in Fig. 88, 2. Directly proximal is a large 
facet for the trapezoid, which is separated from the facet for the magnum by a 
prominent ridge, so that the latter facet is located rather on the ulnar angle. Di¬ 
rectly in front of this oblique facet is a second facet for the magnum, which in 
No. 1604 occupies the proximal face of the heavy tuberosity on the dorso-ulnar 
angle of the head (see Fig. 88). On the posterior face of this tuberosity is a large 
plane facet which is sub-quadrate in outline and articulates with a corresponding 
facet on the dorso-radial angle of Me. III. Immediately back of the facet last 
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described is located the sixth facet, which is underneath a heavy projecting ledge 
on the ulnar face of the bone. This facet is quite sharply concave antero-posteri- 
orly and articulates with a correspondingly convex facet on the proximo-radial 
angle of Me. III. The head of Me. II has a considerable palmar projection, so 
that the bone assumes a decidedly triangular appearance when seen from the 
proximal end. On the palmar and ulnar faces the bone is quite rugose immediately 
below the head, and on the ulnar face there is a considerable eminence on the 
upper half of the shaft. In general appearance the shaft is rather sub-cylindrical. 
There is, however, a sinuous ridge on the dorso-ulnar angle, which is perhaps 

somewhat too much emphasized in the illustration 
(Fig. 88, 2). Near the distal end there is, on the 
dorsal face of the shaft, a prominent and rugose 
swelling for muscular attachment. Distally the 
bone is suddenly expanded, especially in the radial 
and the palmo-ulnar directions. 55 The trochlea is 
decidedly oblique to the long axis of the shaft, the 
anterior portion being evenly convex in all direc¬ 
tions, indicating a very flexible joint, as in some 
carnivores, while posteriorly the facets for the sesa- 
moids are divided by a median carina, which is 
rather slightly developed. The facet on the radial 
side of the carina is concave transversely and con¬ 
vex antero-posteriorly, while the facet on the ulnar 
side is convex both antero-posteriorly and trans¬ 
versely, less so in the latter direction. As already 
stated the trochlea faces obliquely inward so that the duplex bone (= first and 
second phalanges coossified) points forward, upward, and slightly outward, when 
in position. The ungual phalanx again, however, points forward and inward, due 
to the peculiar tilt and the slight curve of the duplex bone. (See PI. LXVIII, 1, 2.) 

In Nestoritherium Me. II is represented by the complete head and proximal 
portion of the shaft. The head in its details is remarkably similar to that in 
Moropus, the facet for the trapezium being smaller and the tuberosity on the 
dorso-ulnar angle thicker though not produced in a projecting flange articulating 
with the dorsal face of Me. Ill as in Moropus. The shaft appears to be less evenly 
cylindrical than in Moropus. 

The general similarity of Me. II in Macrotherium to that in Moropus elatus 

66 The distal end of Me. II is present in the type of Moropus elatus Marsh, and was identified and illus¬ 
trated (Am. Naturalist, Yol. XLI, p. 735, Fig. 6) by Mr. Peterson in 1907. 



Fig. 88. Me. II, left manus of M. 
elatus (No. 1604). Xb 1, ulnar view; 
2, dorsal view. 
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and Nestoritherium is quite striking. It is, however, seen that the heavy tuberosity 
on the radial angle, near the proximal end, is relatively more prominent and extends 
across the entire palmar face in Macrotherium, while in Moropus and also in Nestori- 
therium it is of lighter development and ends abruptly on the radial angle, being 
then succeeded on the palmar face by a rough area more or less excavated. The 
tuberosity near the proximal end which points in the ulnar direction in Moropus 
elatus is as stated a broad flange which overlaps and articulates with the dorsal 
face of Me. Ill, and also carries a facet for the magnum on the extreme proximo- 
dorsal angle. In Nestoritherium this flange is entirely lacking while in Macro¬ 
therium the tuberosity has no separate facet for the magnum; it is more cube-like, 
does not overlap the dorsal face of Me. Ill, but articulates with that bone by 
lateral contacts. The shaft and distal end are still more similar to the characters 
met with in Moropus, and, as already pointed out by Professor Osborn, 56 there is 
no question that the animal had a sub-digitigrade foot. In fact the manus when 
properly articulated indicates a more digitigrade position than was given to it in 
Osborn’s modified restoration of Macrotherium (l. c., p. 120). In addition it may 
also be said that Macrotherium in all probability has the larger terminal phalanx 
on the second digit. The short and heavy metacarpal II of Macrotherium points, 
as does the same bone in Moropus, to the fact that it carried the heaviest terminal 
phalanx. In Moropus it has been shown that Me. II carries the heaviest phalanges 
in the manus, 57 and an illustration of the manus of Macrotherium is given under 
that species (see Fig. 4) in order to show the modified position, which we believe 
to be correct, when compared with the manus of Moropus. The manus has the 
characteristic ungulate displacement of the carpalia in both the European and 
the American forms. 

In comparing Me. II of Moropus elatus with the cast of the corresponding 
bone of Schizotherium priscum from the Phosphorites of Quercy it is extremely 
interesting to note the close similarity in the two. There is practically no difference 
in the distal trochlea and the shaft between the European and American genera, 
while the facet for the trapezoid is proportionately larger and that for the magnum 
smaller and probably placed more laterally in Schizotherium than in MoropusN 
In Schizotherium the facet for the trapezium or possibly a remnant of Me. I 59 is 

66 American Naturalist, Yol. XXVI, 1893, pp. 118-119. 

57 Peterson, 0. A., American Naturalist, Yol. XLI, 1907, pp. 746-748. 

68 From the cast it appears as though the facet for the magnum in the original bone might be broken 
off, in which case the facet would be larger and also occupy a similar overhanging ridge seen in the corresponding 
region of Me. II in Moropus elatus. 

69 Filhol (Ann. des Sciences Naturelles, Tome XVI, 1894, pp. 141-144) has demonstrated that there was 
a Me. I present in Schizotherium . 
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no doubt present, and the tuberosity on the radial angle is identical with that in 
Moropus elatus, as is also the tuberosity on the ulnar angle, which overlaps and 
articulates with Me. Ill in the same manner. In the latter genus the bone as a 
whole is, however, relatively somewhat heavier and shorter than in Schizotherium. 
In Titanotherium Me. II is flat and broad, the facet for the trapezium is present, 
and in some species, the articular facet for the trapezoid is large, while that for 
the magnum is small and placed laterally. The distal trochlea is not oblique in 
Titanotherium. Me. II in the latter genus, while presenting some general affini¬ 
ties, cannot be compared with that in the Chalicotheriidce. 

Measurements of Second Metacarpal. 



No. 2193 Y.M. 

No. 1G04 

No. 1700 

No. 1424 


(M. elatus ), 

(M. elatus), 

(M. petersoni), 

( M . hollandi), 


mm. 

mm. 

mm. 

mm. 

Greatest length. 


230 

158 

179 

Greatest transverse diameter of head. 


92 

66 

64 

Greatest antero-posterior diameter of head. 


60 

43 

44 

Greatest antero-posterior diameter of distal end. . 

. 55 

67 

45 

38 

Greatest transverse diameter of distal end. 

. 60 

69 

53 

41 


Metacarpal III (Fig. 89).—The third metacarpal is the longest in the series. 
The proximal end is very little expanded, while distally the bone is of much larger pro 

portions than the shaft both antero-posteriorly and trans¬ 
versely. When in position in the manus the radial portion 
of the head is hidden by the overlapping flange of Me. II re¬ 
ferred to above. On the dorsal face near the radial angle 
is a facet of quite large size, triangular in outline, which ar¬ 
ticulates with a corresponding facet on the posterior face of 
the large tuberosity on the ulnar angle of Me. II. The 
anterior face of the head of Me. Ill is otherwise quite ru¬ 
gose and irregular in outline as is shown in Fig. 89, 2. 
The radial face of the head has no articular facets, 60 while 
proximally there are three: one for Me. II; one for the 
magnum; and one for the unciform. The first is the 
smallest of the three and is located on the proximal face of 
a projecting ledge on the radial angle and is convex ante¬ 
ro-posteriorly. The second facet is the largest of the 
three. This facet is quite characteristic; along the ra¬ 
dial border being a transversely narrow plane, which 

60 Occasional^ there is a minute articular surface for Ale. II on the dorso-radial angle. This is not the 
case in No. 1601. 



Fig. 89. Ale. Ill, left manus 
of M. elatus (No. 1604). Xj. 
1, lateral view; 2, dorsal view. 
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is convex antero-posteriorly and very soon succeeded by an oblique area, which 
ascends steeply upward and outward and terminates in an exceedingly high and 
sharp ridge, the highest point of the head of Me. Ill (Fig. 89, 2). On the ulnar 
side of this high ridge is located the facet for the unciform. This facet is slightly 
concave supero-inferiorly and convex antero-posteriorly; it is sub-triangular in its 
general outline and is located nearer the dorsal than the palmar face of the bone. 
There is on the ulnar face, as in Me. II, an overhanging projection, underneath 
which is located a large and obliquely placed facet for Me. IV. A second facet 
for Me. IV is located near the palmar face and is separated from the one dorsally 
by a narrow, but quite decided sinus, which seems to be persistent in a great number 
of individuals examined (see Fig. 89, 1). The surface below these facets is quite 
rugose for a considerable distance on the shaft, and, as on Me. II, terminates in a 
slight eminence. The posterior face of the head is produced in the palmar direction, 
and is transversely narrow. The shaft is less cylindrical than in Me. II, the part 
next to the head being sub-quadrate and the portion lower down suboval in cross- 
section. Distally the shaft terminates in rugosities which are especially prominent 
on the radial and ulnar angle of the dorsal face. The articulating surface for the 
proximal phalanx is very convex and is oblique, though considerably less so than 
in Me. II; the carina being in a more nearly antero-posterior line with the long 
axis of the shaft. The radio-plantar angle of the distal end is quite curiously 
produced in a downward and inward direction so that the facet for the sesamoid 
on the radial side of the carina has an inferior position to that on the ulnar side. 
The carina is well developed and confined entirely to the plantar face. Judging 
from the oblique position of the distal articulation of Me. Ill it is quite evident 
that the first phalanx pointed in the same direction as the first phalanx of the 
second digit. 

As represented in the cast Me. Ill of Nestoritherium is broken off distally. 
The head has a much less conspicuous ridge separating the facets for the magnum 
and unciform than in Moropus. The facet for the unciform in Nestoritherium 
occupies a more lateral position near the dorsal face continuing backward to the 
palmar angle in very nearly a straight line and has not the decided interlocking 
characters seen in this region in Moropus and Macrotherium. The shaft is also 
distinctly more trihedral in cross-section with a backward bend, while in Macro¬ 
therium the shaft is slightly curved forward, and in Moropus it is more nearly 
straight. Its anterior face is curiously flat and broad as represented in the speci¬ 
men in Munich. 

The general outline of Me. Ill in Macrotherium is on the whole more similar 
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to that of Moropus elatus. The facet for Me. II in Macrotherium is more lateral; 
the facet for the magnum is similar and the facet for the unciform is more proximal 
and takes up a greater space on the proximal end than that in Moropus. These 
differences give the head of Me. Ill in Macrotherium a more cuboid appearance, 
especially when viewed from in front. The constriction between the articulation 
for the proximal phalanx and the tuberosities on the lower portion of the shaft in 
Macrotherium is relatively greater than in Moropus, but the shaft itself is quite 
similar in the two genera. 

The distal end and the shaft of Me. Ill in Schizotherium priscum more closely 
resemble these parts in Macrotherium than in either Moropus elatus or Nestori- 
therium, while the proximal end seems to possess characters which are found in 
both the European and American forms. Thus, the dorso-radial angle bears the 
facet for the overlapping flange for Me. II, while the facet for Me. II on the radial 
face is not as high up (or proximal) as in Moropus or Nestoritherium, nor as low, 
as extensive, and oblique as in Macrotherium. The facet for the magnum is more 
nearly like that in Macrotherium, being oblique transversely, and convex antero- 
posteriorly, while the small facet for the unciform, near the dorsal face and on the 
ulnar side of the prominent superior crest, is extremely suggestive of the facet for 
the same bone in Moropus elatus, and located in the same place on Me. III. The 
overhanging ledge on the ulnar face of the head of Me. Ill in Schizotherium priscum 
is much less developed than in Macrotherium, Nestoritherium, and Moropus. 


Measurements of Third Metacarpal. 



No. 1604 

No. 1700 

No. 1424 


(AT. elatus ), 

(AT. petersoni ), 

(Af. hollandi), 


mm. 

mm. 

mm. 

Greatest length. 

.274 

183 


Greatest transverse diameter of head. 

. 54 

42 

40 

Greatest antero-posterior diameter of head. 

. 55 

47 

49 

Greatest antero-posterior diameter of distal end. 

. 56 

43 


Greatest transverse diameter of distal end. 

. 58 

40 

., 


Metacarpal IV (Fig. 90).—The fourth metacarpal is considerably shorter than 
the third, the head of the latter occupying a more elevated position in the carpus 
and the distal end extending slightly lower down than any of the series. The 
proximal and distal ends are much expanded. The shaft is trihedral near the 
head and more cylindrical lower down, terminating distally in tuberosities like 
those seen on Me. II and III. When viewed from above the general outline of 
the head is triangular, revealing two articular facets, which are unequally divided 
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by a prominent ridge, which extends across the entire antero-posterior surface 
between the articulations. On the radial side of this ridge quite proximally, and 
near the dorsal face is located one of the articular facets for Me. III. The other 
facet is more lateral and nearer the palmar angle. On the ulnar side of the ridge 
mentioned is a large facet for the unciform, which is suboval in outline, slightly 
concave transversely and unevenly convex and concave antero-posteriorly. Below 
the head on the radial and palmar faces the shaft presents a rough surface which 
is sometimes developed into ridges paralleling the shaft, and serving for muscular 
attachments. On the ulnar palmar angle is a massive tubercle, which is bisected 
by a deep and broad excavation, the posterior portion being the palmar tubercle 
shown in Fig. 90, 2. The anterior portion of this tubercle is well illustrated in the 
articulated manus (PI. LXVIII, 1,2). At the base of these overhanging tubercles 
is a facet for Me. V, which in .some individuals is bisected by the downward con¬ 
tinuation of the broad excavation described above. 

The facet is in an oblique position to the long axis of 
the shaft and is concave antero-posteriorly as well as 
supero-inferiorly, plainly showing that Me. V did not 
articulate with the unciform, as. has already been 
pointed out by Peterson. 61 The distal end is very 
like that of Me. Ill except that the larger of the two 
protuberances, on the dorsal face, is on the radial in¬ 
stead of on the ulnar angle, as in Me. Ill (see Fig. 90,2). 

The head and the upper end of the shaft of Me. IV 
in Nestoritherium pentelici present a number of 
points of difference when compared with Moropus 
elatus. For instance the articular facet for the unci¬ 
form is larger and more basin-shaped, the facet for 
Me. Ill is not divided into two portions, and there is 
a total absence of a facet for Me. V. Externally the 
shaft of Nestoritherium is deeply furrowed by rugosi¬ 
ties and the shaft itself is trihedral in cross-section with a backward bow while that 
of Moropus is more nearly cylindrical and straight. 

In Macrotherium grande Me. IV, though bearing a general resemblance to 
that of Moropus elatus and Nestoritherium, is quite unlike it in detail. In the first 
place this element in the remains from Sansan is the longest in the series; secondly, 
the palmar radial angle of the lower portions of the shaft and distal end is relatively 
61 Am Naturalist, Vol. XLI, p. 747, 1907. 



Fig. 90. Me. IV of left manus 
of M. elatus (No. 1604). X |. 1, 
lateral view; 2, dorsal view. 
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more developed than in Moropus; thirdly, the proximal end is less expanded, the 
facets for Me. Ill are of proportionally greater, and the facet for the unciform 
of less extent than in either Moropus or Nestoritherium. There is no facet for 
Me. V, that element being entirely absent as in Nestoritherium. 

The fourth metacarpal in Schizotherium priscum is on the whole more nearly 
like that in Moropus elatus than in Macrotherium or Nestoritherium. The com¬ 
parative length of Me. IV in Schizotherium is, however, greater than in the American 
genus, though less than in Macrotherium, the latter genus having Me. IV the 
longest. In Schizotherium and Moropus Me. Ill is the longest. It is further 
worthy of note that the proximal end of Me. IV in Schizotherium priscum is, as in 
Moropus, triangular in its general outline, but the facets for Me. Ill are propor¬ 
tionally smaller and occupy a more lateral position than in the American form. 
The facet for the unciform is relatively larger and is more nearly triangular in its 
general outline than in Moropus. There is a distinct facet for Me. V in Schizo¬ 
therium priscum, which occupies a higher position on the ulnar angle than does 
that in Moropus. The proximal end of Me. V probably came in slight contact 
with the unciform in the older Oligocene genus of Europe. 


Measurements of Fourth Metacarpal. 



No. 1604 

No. 1700 

No. 1424 


(M. elatus ), 

( M. petersoni ), 

(AT. hollandi ), 


mm. 

mm. 

mm. 

Greatest length. 

. 221 

154 

, , 

Greatest transverse diameter of head. 

. 50 

42 

40 

Greatest antero-posterior diameter of head. 

. 58 

38 

39 

Greatest antero-posterior diameter of distal end. 

. 62 

38 

.. 

Greatest transverse diameter of distal end. 

. 55 

35 



Metacarpal V (Pis. LXVIII-LXIX).—In the manus under description Me. V 
is not present. This bone is, however, represented in other individuals of the 
collection. No. 2462 is selected for the articulated skeleton, its size being more 
nearly of the right proportion. This bone is reduced to a rudiment. Proximally 
there are two facets for Me. IV on the radial angle, which are separated by a smooth 
low ridge, the anterior facet being the larger of the two. The head quite extensively 
overhangs the shaft in the ulnar direction, giving a curved appearance to the shaft. 
Distally the bone is considerably expanded chiefly in the ulnar direction. There 
is an imperfect facet for the first phalanx, while on the palmar-ulnar angle is a 
large flat facet, presumably for a sesamoid. 

As above stated Me. V is not present in Macrotherium and Nestoritherium, 
while in Schizotherium priscum Me. V was apparently of considerable size judging 
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from the facet on the ulnar face of Me. IV in the cast of the original specimen, 
and also from the description and illustrations given by Filhol. 

Sesamoids. —The sesamoids are of large size and vary in shape and robustness 
according to their position. The facets for the metapodial grooves are generally 
concave antero-posteriorly, irregularly convex transversely and oblong in outline. 
The two sesamoids on one digit often touch each other by decided facets and occasion¬ 
ally they are found to be solidly coossified as is sometimes the case in the Titanothe- 
riidee. They are much lighter proximally than distally, and the lateral borders of the 
plantar face show a rough ridge so that when the two sesamoids are placed in position 
there is developed between them a broad groove for the tendons. The positions 
which the sesamoids most probably had are best seen in the palmar view presented 
on Plate LXIX, Fig. 2. There were no sesamoids found located in their proper 
positions and the arrangement here presented must be regarded as partly con¬ 
jectural pending the discovery of these parts in position, but the contacts furnished 
by the specimens employed are so perfect as to leave little doubt as to the correct¬ 
ness of the restoration given in the plate. 

There are no sesamoids present in the casts of the manus of Macrotherium or 
Schizotherium priscum here used for comparison. 

Measurements of Fifth Metacarpal. 

No. 2462 No. 1700 
(M. elatus ), ( M . petersoni), 

mm. mm. 


Greatest length. 140 105 

Greatest transverse diameter of head. 24 25 

Greatest antero-posterior diameter of head. 27 18 

Greatest an ter o-posterior diameter of distal end. 24 16 

Greatest transverse diameter of distal end. 25 21 


The Phalanges. 

The first and second coossified phalanges of the second digit in the manus 
of Moropus elatus are highly characteristic. The bone was described by Pro¬ 
fessor Marsh as early as 1877, 62 and again identified as the phalanges of the 
second digit, described, and illustrated by Mr. Peterson in 1907. 62 The proximal 
articulation of this duplex bone is nearly circular in outline and decidedly cup¬ 
shaped, with the ulnar border the sharper and more prominently developed. A 
surprising feature, showing a remarkable ability to flex the first joint of the digit, 
is revealed by the fact that directly anteriorly and also radially there are some- 

62 Am. Jour. Sci., Vol. XIV, pp. 249-251, 1877. 

63 Am. Naturalist, Vol. XLI, pp. 747, 1907 (illustrated, p. 735, Figs. 9, 17; p. 746, A). 







358 


MEMOIRS OF THE CARNEGIE MUSEUM. 


times small emarginations which touch corresponding surfaces on Me. II when the 
duplex is thrown back against the dorsal or radial faces of the metacarpal. This 
feature is shown in numerous specimens, in some more decidedly than in others. 
The proximal end of the duplex is expanded more on the ulnar side than on the 
radial, corresponding to the development on the ulnar angle of the distal end on 
Me. II to which reference has already been made. The posterior portion of the 
plantar face of the duplex is taken up largely by a very broad tendinal groove. 
Midway between the proximal and distal ends there is, on the plantar face, a rough 
ridge located transversely which marks the junction of the two coossified phalanges. 
This ridge may be traced (see Fig. 91, 1, 2) around the entire bone and the dorsal 
face is seen to present a heavy elevation where the two bones are united. The 
distal trochlea is rather an imperfect pulley-shaped groove, there being a decided 
shoulder near the dorsal border of the trochlea to check the ungual phalanx when 
flexed dorsally (see Fig. 91, 2). Besides this dorsal shoulder there is usually a 
transverse ridge nearer the palmar face which interrupts the pulley-like groove 
and apparently rather forms a lock for the terminal phalanx. The terminal 
phalanx has a corresponding buttress on the proximal termination of the median 
keel and a cross-groove to correspond with the ridge on the duplex just described, 
and is thus seen to have a limited flexure. The same arrangement is found in the 
large Chalicothere from Pikermi. 

The ungual phalanx of the second digit in M or opus is very heavy and its 
surfaces are rugose, indicating that it was covered by a heavy claw-like hoof. 



Fig* 91. Duplex bone = coossified prox¬ 
imal and median phalanges of digit II of left 
manus of M. elatus (No. 1604). Xb ^lat¬ 
eral view; 2, dorsal view. 




Fig. 92. Ungual phalanx of digit II of right manus of 
M. elatus (No. 1604). Xb 1, lateral view; 2, proximal 
view. 


The bone is high, laterally compressed, not extremely long, but deeply cleft anteri¬ 
orly for a firmer attachment to the horny sheath. The articulation for the duplex 
bone is concave supero-inferiorly and divided by a prominent median ridge, which 
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terminates rather abruptly proximally and fits perfectly into, a corresponding 
shoulder of the duplex bone already described. The dorsal face is provided with a 
heavy protuberance, but there is no evidence of a hood such as is found on the 
retractile unguals of the carnivores or such as is observed in the edentates. On 
the proximal portion of the plantar face is a heavy subungual process, which takes 
up the entire face of this region and extends well below the articulation for the 
duplex bone. This subungual process of the proximal portion causes a fore-and-aft 
concavity further forward on the plantar face which is well shown in the illustration 
(see Fig. 92, 1). On the outer side near the inferior angle of the articulating sur¬ 
face a large nutrient foramen is invariably shown. 


Measurements of Duplex and Terminal Phalanges of Second Digit. 64 

Duplex Bone. 



No. 1557 

No. 2194 

No. 2193 




Y.M. 

Y.M. 

Y.M. 



(M. distans ), 

(Af. senex), 

(M. elatus), 

No. 1604 No. 1700 

No. 1424 


type, 

type, 

type, 

{M. elatus), (M . petersoni), (M. hollandi ), 


mm. 

mm. 

mm. 

mm. mm. 

mm. 

Greatest length. 

... GO 

77 

100 

129 95 

86 

Transverse diameter of proximal end 

...28 

37 


60 40 

35 

Vertical diameter of distal end. 


27 

50 

66 46 

44 

Transverse diameter of distal end.... 


22 

35 

43 31 

25 


Terminal Phalanx. 








No. 9076 




No. 1604 

t No. 1700 

Y.M. 




(M. elatus ), (M. petersoni), 

(M. Matthewi ' 




mm. 

mm. 

mm. 

Greatest length. 



. 142 

95 

148 

Greatest height. 



. 92 

62 

83 

Greatest transverse diameter of plantar face.. 

. 52 

35 

35 


The phalanges of the third and fourth digits in Moropus are abruptly reduced 
in size. The proximal articulations for the metacarpals are circular in general 
outline and cup-shaped as in the duplex bone. The proximal ends are extremely 
heavy in comparison with the distal ends. The bones are rather asymmetrical 
in order to conform to the obliquely placed articular facets on the distal end of 
the metacarpals. As is well shown in the illustrations, the distal trochlea is con¬ 
fined almost entirely to the palmar face and is grooved in order to receive the 
phalanges of the median row. The latter are short and heavy, with a prominent 
median keel separating the articular facets for the proximal phalanges, while 
distally the grooves are more perfectly pulley-like than in the duplex bone of the 
second digit. 

64 Italicized numbers indicate estimated measurements. 
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The ungual phalanges of the third and fourth digits are similar to, though 
much smaller than, those on the second digit. They are sometimes quite asym- 



Fig. 93. Proximal phalanx digit 
III, left manus of M. elatus (No. 
1604). Xf. 1, dorsal view; 2, 
lateral view. 



Fig. 94. Median phalanx 
digit III, left manus of M . 
elatus (No. 1604). Xi 1, 
dorsal view; 2, lateral view. 



Fig. 95. Ungual phalanx digit III 
of left manus of M. elatus (No. 1604). 
X b 1, lateral view; 2, proximal view. 


metrical, one prong of the bifurcated anterior terminations being much shorter 
than the other. The subungual process is generally less prominent than on the 
second digit. The phalanges of Macrotherium, as described and illustrated in 
various publications, and also as represented in the cast of the manus here used 
for comparison, are heavier on the external than internal digits. This is directly 
opposite to the conditions found in Moropus and it seems that the phalanges of the 
manus in the European genus have been misplaced and the position assigned to 
them should be regarded as erroneous. As already intimated it seems altogether 
natural to suppose that the second metacarpal having the proportions of that of 



Fig. 96. Proximal phalanx digit IV, left ma- Fig. 97. Median phalanx digit IV, left manus 
nus of M. elatus (No. 1604). Xb 1, lateral of ill. elatus (No. 1604). Xb superior view; 
view; 2, dorsal view. 2, lateral view. 


Macrotherium should have borne phalanges of larger size than those attributed to 
them by European authors. In Macrotherium the coossification between the 
first and second phalanges is not apparent, and the trochlea between the second 
and terminal phalanges is less obstructed than in Moropus. On the other hand in 
the large chalicotheroid from Pikermi the phalanges seem to be, as before stated, 
more nearly like those of Moropus elatus, with the first and second phalanges on 
the second digit coossified, and the duplex and terminal phalanges provided with a 
shoulder and buttress of nearly the same relative proportions as in Moropus. 
Nestoritherium is from a later horizon and is of even much larger size than the 
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American form. Schizotherium priscum is represented by the casts of a proximal 
and a terminal phalanx in the Carnegie Museum. The proximal phalanx is quite 
similar to that of Moropus, while the terminal is relatively broader, shorter, more 
widely cleft, and it undoubtedly carried a proportionally broader hoof than was 
found in the later forms. 

Measurements of Phalanges of Third and Fourth Digits. 

No. 1604 
( M. elatus ), 
mm. 

Proximal phalanx of third digit.Greatest length. 79 

Greatest transverse diameter of proximal end ... 55 

Greatest vertical diameter of proximal end.48 

Greatest vertical diameter of distal end.26 

Greatest transverse diameter of distal end. 26 

Median phalanx of third digit.Greatest length... 60 

Greatest transverse diameter of proximal end. .. 36 

Greatest vertical diameter of proximal end.43 

Greatest vertical diameter of distal end.37 

Greatest transverse diameter of distal end. 24 

Terminal phalanx of third digit.Greatest length. 92 

Greatest transverse diameter of proximal end. . . 50? 

Greatest transverse diameter of plantar face.... 40 

Proximal phalanx of fourth digit.... Greatest length. 68 

Greatest transverse diameter of proximal end... 52 

Greatest vertical diameter of proximal end.46 

Greatest vertical diameter of distal end.24 

Greatest transverse diameter of distal end. 32 

Median phalanx of fourth digit.Greatest length. 43 

Greatest transverse diameter of proximal end... 32 

Terminal phalanx of fourth digit.... Greatest length. 

Greatest height. 

The Hind Limb. 

(Plates LVIII-LX; LXX-LXXI.) 

The pelvic girdle has already been fully described (see pp. 320-323), in con¬ 
nection with the sacrum. It is therefore not necessary to more than refer to this 
part of the work in this connection. 

The Femur. 

(Plate LXX.) 

The general outlines of the femur recall the same bone in Titanotherium. 
In proportion to the tibia it is, however, shorter, the head is less raised, the tro- 


No. 1700 
{M. petersoni ), 
mm. 

59 

34 

32 

24 

21 

32 
23 
28 
28 
19 
55 
23 
27 
45 

33 
30 
23 

19 
26 

20 
42 
30 
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chanters are of larger size, the trochanteric fossa deeper, and the entire upper end 
of the posterior face of the shaft broader, than in Titanotherium. Peterson (Ann. 
Carnegie Museum, Vol. IV, p. 6; American Naturalist, Vol. XLI, p. 748) has 
called attention to the great development of the third trochanter, which is charac¬ 
teristic of Moropus, while in Macrotherium it is very feebly, or not at all, developed. 
(Cf. Blainville, Illustrations of Macrotherium, and Zittel, Handbook of Paleontology, 
p. 310.) The third trochanter is not as strongly developed in M. hollandi as in M. 
elatus and M. petersoni. The flat broad surface across the shaft opposite the third 
trochanter recalls the same feature in Titanotherium. Below this trochanter the 
shaft is greatly constricted, but nevertheless the transverse diameter is considerably 
greater than the antero-posterior diameter. The distal end is suddenly expanded, 
the condyles being of large size, and well separated by a broad and deep inter¬ 
condylar notch. The rotular trochlea is not very wide, but has approximately the 
same obliquity as in Titanotherium. The pit, or supracondylar fossa, is not very 
deep, or distinctly marked, and is situated unusually low. 

The antero-posterior and transverse diameters of the head of the femur of 
Macrotherium grande as figured by Blainville are approximately like those in 
Moropus, but the distal end of the femur in Macrotherium is broader, the condyles 
being more widely separated by a broader intercondylar notch. The rotular 
trochlea is also seen to be broader and shallower. 


Measurements of Femur. 



No. 1706 

No. 1701 

No. 1424 


(A/, elatus), 

(A/, petersoni ), 

(A/, hollandi ), 


mm. 

mm. 

mm. 

Greatest length of femur. 

. 650 

430 

500 64 

Transverse diameter of proximal end. 

. 220 

133 

170 

Transverse diameter of head. 

. 95 

66 

78 

Antero-posterior diameter of head. 

. 93 

64 

74 

Antero-posterior diameter at distal end. 

. 170 

102 

... 

Transverse diameter of distal end. 

. 170 

110 

125 64 


The Patella. 

(Plate LXXI.) 

The trochlear face of the patella strongly recalls that of Titanotherium, the 
median trochlear ridge being of approximately equal prominence, but the- bone as 
a whole has a relatively smaller vertical and a relatively greater antero-posterior 
diameter than in Titanotherium. 


64 Approximate. 
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In Macrotherium the patella apparently has a smaller vertical diameter than 
in Moropus. 

Measurements of Patella. 



No. 2193 Y.M. 

No. 1706 

No. 1701, 


(A/, elatus), 

(M. elatus ), 

sp.(?), 


type, mm. 

mm. 

mm. 

Vertical diameter. 

. 114 

115 

70 

Transverse diameter. 

. 84 

82 

55 

Antero-posterior diameter. 

. 64 

80 

41 


The Tibia. 

(Plate LXXI.) 

The relative length of the tibia in Moropus is greater than in Titanotherium, 
being approximately four-fifths the length of the femur. The head is well ex¬ 
panded laterally, and has broad articular facets for the femur, which are separated 
by a prominent bifid spine. The cnemial crest is heavy, evenly rounded from side 
to side, and extends well down on the shaft. On the fibular angle immediately 
below the head is a slight rugosity, the attachment for the fibula. Below this 
point the transverse diameter of the shaft decreases rapidly, but the interosseous 
border continues as a rather sharp ridge downward to the distal end, imparting 
to the whole length of the shaft a subtriangular outline in cross-section, a feature 
less marked in Titanotherium, with which this bone has been compared, but similar 
to what may be observed in some of the early rhinoceroses, e. g., Trigonias. The 
distal end of the bone in its details recalls some of the features of the same element 
in the skeleton of Titanotherium, including the broad lip-like posterior malleolus, 
which in some individuals touches the calcaneum on extreme flexure. 

The tibia of Macrotherium, as figured by Blainville, and described and figured 
by Deperet, is very massive and short in comparison with that of Moropus. The 
head is relatively broader in Macrotherium, and there is therefore a more rapid 
decrease in the diameter of the shaft downward toward the middle of the bone 
than in Moropus, but distally the bone in Macrotherium appears to rapidly expand 
laterally, and to be broader than in the American genus. 


Measurements of Tibia. 



No. 1704 

No. 1701 

No. 1424 


( M . elatus ), 

(M. peter soni), 

(M. hollandi), 


mm. 

mm. 

mm. 

Greatest length. 

. 512 

353 

380 65 

Antero-posterior diameter of head. 

. 150 

80 

. . . 

Transverse diameter of head. 

. 168 

105 

118 65 

Transverse diameter of distal end. 

. 126 

81 

86 65 

Antero-posterior diameter of distal end. 

. 85 

60 

56 65 


65 Approximate. 
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The Fibula. 

"(Plate LXXI.) 

The fibula is complete, but reduced to a slender and somewhat twisted rod¬ 
like bone, with the greater portion of its shaft lying close to the side of the tibia. 
The proximal attachment for the tibia is not extensive, and distally the bone 
extends well below the tibia, articulating with the fibular face of the astragalus by 
a broad facet. It does not always touch the ealcaneum. 

The Hind Foot. 

The Tarsal Elements. 

(Plate LXXII.) 

A great many specimens of the bones of the hind feet were found scattered 
through the different quarries. We mainly utilize those of the articulated skeleton 
for purposes of description. 

The tarsus of Moropus is quite low and broad, but is not completely diplarth- 
rous, the cuboid only supporting the ealcaneum, and not sharing its proximal 
articulation with the astragalus, as in Macrotherium grande and other Perissodac- 
tyla. The conditions are more like those found in some of the early Tertiary 
forms, like Phenacodus , 67 or revealed in the Litopterna of the Miocene formations of 
Patagonia. 68 The metatarsals are more uniform in size than the metacarpals, 
and also shorter. They are quite heavy with the proximal ends much expanded, 
having cylindrical shafts, showing, as in the manus, at their distal ends rounded 
surfaces for the reception of the phalanges, succeeded on the plantar side by large 
facets for the sesamoids. The phalanges are short and heavy, but more uniform 
in size than those of the manus. 


Measurements of Tarsus. 

No. 1706a No. 1701 No. 1424 
(Af. elatus), (AT. petersoni), (M . hollandi), 



mm. 

mm. 

mm. 

Greatest vertical diameter including tuber of ealcaneum. 

. 1S6 

140 

130 69 

Vertical diameter top of astragalus to distal face of ectocuneiform 

.128 

ss 

. . . 

Transverse diameter. 

.110 

82 

79 


The Astragalus (Fig. 98).—The most characteristic feature of the astragalus is 
its single distal facet, that for the navicular (Fig. 98, 4), while in the true Perisso- 

67 Peterson, 0. A., American Naturalist, Vol. XLI, 1907, p. 749. 

68 Scott, W. B., “Litopterna of the Santa Cruz Beds,” Yol. VII, 1910, p. 7. 

69 Approximate measurement. 
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dactyJa the distal articulation is generally divided into two portions, for the navic¬ 
ular and cuboid respectively. The astragalus is on the whole quite rhinocerotic, 
excepting the features above mentioned. In proportion it is higher and narrower 
than the astragalus of Titanotherium. The trochlea is also more deeply grooved 
and the external and internal condyles are more nearly uniform in size and less 
oblique than in the latter genus. A characteristic feature not usually found in 
the Perissodactyla is the downward projection of the external condyle, so that the 
articulation for the tibia on that side projects below the articular facet for the 
navicular (Fig. 98, 1). The tibial condyle has the usual backward projection met 
with in the Perissodactyla. The sustentacular facets are well formed and strongly 
interlocked. Distally there is, as previously stated, but a single large facet for 
the navicular which is very slightly convex transversely and concave antero- 
posteriorly especially near the tibial face. 

In Macrotherium the astragalus is relatively broader and much lower than in 
the American form. Furthermore, its distal face is divided, having a larger facet 
for the navicular and a smaller for the cuboid as in other Perissodactyla (see Pdg. 
98, 5). The external condyle of the trochlea does not extend so low (see Fig. 98, 3) 



Fig. 98. Astragalus. 1 , anterior view of right astragulus of M. elatus (No. 1706A). Xb 2, lateral 
view of do. 3, anterior view of astragalus of Macrotherium . X 3 . 4, inferior view of left astragalus of M. 
elatus (No. 1710). X 5, inferior view of left astragalus of Macrotherium. X \. 

nor does the tibia touch the calcaneum on its extreme backward flexure as in the 
American genus. The fibula, however, apparently came in contact with the lateral 
face of the calcaneum. 

Judging from the sustentacular facets of the calcaneum and the facets on the 
cuboid in Nestoritherium it may be clearly inferred that the astragalus of this 
large form was perhaps more nearly like that in Moropus, i. e., the distal face 
articulated with the navicular only. 
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Measurements of Astragalus. 




No. 1706a 

No. 1701 

No. 1424 


(M. elatus), 

(M. petersoni ), 

(AT. hollandi), 


mm. 

mm. 

mm. 

Greatest vertical diameter. 

.?. 90 

68 

64 

Transverse diameter. 

. 96 

76 

83 


The Calcaneum (Fig. 99).—As in other members of this group the tuberosity 
of the calcaneum is quite long and very heavy, while the lower end is extremely 
truncated. The plantar face of the tuberosity is rugose and very broad trans¬ 
versely, quite like that in the rhinoceroses, with gradually sloping lateral sides, 
giving a pear-shaped outline to the cross-section. There is no tendinal groove on 
the proximal end of the tuber, the extensor muscle of the foot being attached in 
the same manner as in other Perissodactyla. The lesser process of the distal end 
is developed to nearly the same extent as in Titanoiherium, and less than in Macro- 
therium. In some individuals there is a decided facet for the tibia on the upper 
border of the facet for the astragalus; there is also sometimes a minute facet for 
the fibula on the fibular side of the greater process, and a small irregularly shaped 
facet below the sustentaculum near the distal angle, which articulates with a 

corresponding facet on the posterior face of the as¬ 
tragalus near the distal angle. Distally the lesser 
process extends downwards even with the distal end 
of the astragalus, so that the navicular facet of the 
latter bone and the cuboidal facet of the calcaneum 
are on nearly a horizontal line when the two bones 
are in position, while in Macroiherium and Titano- 
therium the lower end of the astragalus extends 
more or less below the calcaneum. The articular 
facets for the astragalus are large and interlocking. 
The surface for the interosseous ligament is promi¬ 
nent and forms a considerable sinus between the 
facets when the calcaneum and astragalus are placed 
in position. The facet for the cuboid is nearly 
plane and pear-shaped in its general outline. 

The remains of the calcaneum of Nestoritherium show strong resemblances 
to the same bone in the American genus. Unfortunately the tuber of the cal¬ 
caneum in the specimen from Pikermi before us is not entirely complete, but what 
remains indicates that the plantar face is broader than the dorsal, that as in Moro- 




Fig. 99. Os calcaneum of right foot 
of M. elalus (No. 1706A). X|. 1, 

superior view; 2, lateral view. 
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pus the lateral faces of the tuber were more vertical, or nearly rectangular with 
reference to the sustentacular facet. The lesser process of the distal end is some¬ 
what less developed than in the majority of the specimens representing Moropus, 
but the sustentaculum is otherwise quite similar, and the facet for the tibia at the 
upper angle of the facet for the astragalus is even more prominent than in any 
of the American forms known to us. The facets for the cuboid in the two genera 
here compared are not unlike. 

The calcaneum of Macrotherium is quite different from that in the American 
genus. In the first place the tuber is more ovate in cross-section and oblique in 
position; secondly, the lesser process of the distal end is larger corresponding to 
the much lower and broader tarsus in Macrotherium. The facet for the cuboid 
also extends farther in the tibial direction, and the tibia, when flexed backward, 
did not touch the calcaneum in the latter form. 


Measurements op Calcaneum . 70 



No. 2193 Y.M. 

No. 170Ga 

No. 1701 

No. 1424 


(M . elatus , type), (M. elatus), 

(M . petersoni ), 

CM. hollandi), 


mm. 

mm. 

mm. 

mm. 

Greatest length including the tuber. 

.. 155 

155 

117 

107 

Length of tuber. 

. 90 

90 

77 

65 

Length of sustentacular facet. 

. 67 

67 

50 

45 

Transverse diameter at sustentacular facet. 

. 93 

93 

68 

73 

Navicular (Fig. 100). — The 

navicular is 

broad, quite deep, and 

thin. Its 


dimensions are more nearly like those of the same bone in Equus, than in other 
Perissodactyla. In detail, however, the bone differs from that of the horse in 
having a less developed palmar proc¬ 
ess and by the fact that the articu¬ 
lation for the cuboid is more ex¬ 
tensive. The articulation for the 
astragalus is quite plane with the 
exception of the sudden upward cur¬ 
vature on the plantar tibial angle 
which is identical with the condi¬ 
tion in Equus. On the fibular face 
there is sometimes a small facet 
which articulates with a correspond¬ 
ing facet on the tibial face of the 
cuboid. The main facet for the cuboid is long antero-posteriorly and narrow 
70 Italicized numbers estimated. 



Fig. 100. Navicular of right foot of M. elatus (No. 
1706A). XL 1, anterior view; 2, fibular view; showing 
facet for cuboid; 3, posterior view; 4, tibial view, face for 
mesocuneiform; 5, inferior view, surfaces for cuboid and 
cuneiforms; 6, superior view, face for astragalus. 
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transversely and is situated near the distal angle of the bone (see Fig. 100, 2). 
Distally there are two distinct facets; the larger of the two is triangular in outline, 
quite plane, and articulates with the ectocuneiform, while the outline of the smaller 
is more ovate, slightly convex antero-posteriorly, and articulates with the meso- 
cuneiform. The illustration (Fig. 100, 5) indicates a third facet, that for the 
cuboid, on the fibular angle. There is apparently no facet for the entocuneiform. 
Directly posteriorly the navicular terminates in a rounded process, which is, as 
before stated, directed upward and backward, like that in the posterior tibial angle 
of the navicular in the horse. 

There is no navicular in the specimens of N estoritherium in our material, but 
from the shape and position of the facet for this bone on the tibial proximal angle 
of the cuboid it is quite evident that this bone was much the same as in the 
genus Moropus. 

The navicular of Macrotherium is even thinner, and it is more sharply turned 
upward on its plantar face than in Moropus. The articulation for the cuboid is 
also apparently less prominent than in the American form. 

Measurements of Navicular. 




No. 1706a 

No. 1701 



(M. elatus), 

( M . petersoni), 



mm. 

mm. 

Antero-posterior diameter. . . 


. 55 

41 

Transverse diameter. 

* 

. 74 

54 

Vertical diameter. 


. 15 

10 


Cuboid (Fig. 101).—The cuboid is low and broad as in Tit another ium. The 
bone, however, differs from that in the latter genus in an important manner, 
having but one proximal articulation, that for the calcaneum, as already pointed 
out by Peterson (l. c., p. 749). In all other Perissodactyla the astragalus 
shares the support of the cuboid to a greater or less extent, and this is also the 
case in Macrotherium. In Nestoritherium as in Moropus the cuboid did not 
have an articular facet for the astragalus. Dorsally the cuboid in Moropus 
has a rather cube-like appearance, the lateral borders (especially the fibular) 
being quite angular. The tibial face is the longest, which is chiefly due to the 
prominent plantar process. Proximally there is, as before stated, one facet for 
the calcaneum which is ovate in general outline, slightly concave antero-posteriorly, 
and again sharply deflected on the extreme plantar angle, while transversely it is 
very gently convex. On the tibial face are two facets, one superior and the other 
inferior to a prominent ridge projecting in the tibial direction. Both facets are 
long antero-posteriorly and narrow transversely, the superior facet articulates with 
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the navicular and the inferior with the ectocuneiform. 71 Distally there is one large 
facet, subtriangular in outline, slightly convex antero-posteriorly and concave 
laterally. On the plantar face there is an unusually heavy tuberosity for muscular 
attachment. (See Fig. 101, 2, 3, 5, and 6.) 

In Nestoritherium the cuboid is actually and proportionally lower, the proximal 
articulation less concave antero-posteriorly, the distal articulation more unevenly 
convex and concave, the navicular 
articulation deeper vertically and 
shorter antero-posteriorly than in 
Moropus. With the exception of 
the above noted differences the 
cuboid in the Greek and American 
forms is very similar, especially 
agreeing in the fact that in both 
genera the bone does not touch 
the astragalus. 

In Macrotherium the cuboid is 
entirely different from that in Mo¬ 
ropus. In the first place it partly 

supports the astragalus which it does not in the other genus; secondly, its fibular 
angle is very low, while it is quite high in the American form, and thirdly, the 
plantar process is extremely small, while in the tibial direction the bone is modified, 
forming a long heavy arm, which supports the lesser process of the calcaneum, a fea¬ 
ture entirely unknown in Moropus. 



Fig. 101.- Cuboid of the right foot of M. elatus (No. 
1706A). XJ. 1, anterior view; 2, tibial surface; 3, fibular 
surface; 4, superior view; 5, posterior view; 6, inferior view. 


Measurements of Cuboid. 



No. 3081 Y.M. 

No. 1706a 

No. 1701 


(M. distans, type), 

(M. elatus ), 

(M. petersoni), 


mm. 

mm. 

mm. 

Antero-posterior diameter. 

. 45 

85 

49 

Transverse diameter. 

. 31 

55 

37 

Vertical diameter. 

. 25 

37 

25 


Ectocuneiform (Fig. 102).—The ectocuneiform is sub-triangular in general out¬ 
line, low, and broad; its transverse diameter being proportionally greater than 
in Titanotherium. The bone is especially prominent in the tarsus, due to its 
broad dorsal surface. Proximally the facet for the navicular is concave antero- 

71 These facets vary in different individuals, sometimes there is an additional facet for the navicular on 
the proximal angle near the dorsal face, and the facet for the ectocuneiform is sometimes divided into two 
portions, an anterior and a posterior, 
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posteriorly and quite plane transversely. The facet for the cuboid on the fibular 
face is well formed, long antero-posteriorly, quite shallow vertically, with its 
articulating surface curved 72 in order to conform to a similarly curved surface on 
the cuboid already described. Below the articular surface near the plantar face 
is a prominent excavation (Fig. 102, 5) which is directly opposite a similar exca¬ 
vation on the cuboid and causes a deep cavity 
to be formed on the plantar face of the tarsus 
when the bones are in position. On the tibial 
face are three facets, a dorsal and a plantar, 
which articulate with Mt. IV; the third is 
longer and narrower and situated near the 
proximal angle, articulating with the mesocu- 
neiform. The plantar face is principally taken 
up by a prominent tuberosity. Distally the 
articulation for Mt. Ill is triangular in out¬ 
line, irregularly, but gently, convex and concave. 


Measurements op Ectocuneiform. 



No. 1706a 

No. 1701 


(M. elatus), 

( M . petersoni ), 


mm. 

mm. 

Antero-posterior diameter. 

. 60 

45 

Transverse diameter. 

. 45 

34 

Vertical diameter. 

. 10 

12 


Mesocuneiform (Fig. 103).—The mesocuneiform is much reduced; it is some¬ 
what more reduced than in Titanotherium and has a slightly greater vertical 
diameter than in the latter. The dorsal face is very small 
and triangular in outline. The tibial face is rugose and quite 
extensive, the bone having a considerable anteroposterior 
diameter. The plantar face is broader than the dorsal, and 
there is a small round facet for the entocuneiform on the 
tibial plantar angle. The facet for the navicular is oblong- 
in outline, concave antero-posteriorly, and also slightly con¬ 
cave laterally. The fibular face has a long narrow facet for 
the ectocuneiform. Distally there is one large facet for 
Mt. IV, which is triangular in general outline, and unevenly concave and convex. 

Entocuneiform .—A characteristic feature of Moropus is the obsolescence of 
the entocuneiform as in Titanotherium. In our material prepared for study there 
72 This surface is sometimes interrupted so as to form a facet ip front and behind. 



neiform of M. petersoni (No. 
1813). Xb 1, fibular view; 
2, tibial view; 3, superior 
view; 4 3 inferior view. 



Fig. 102. Ectocuneiform of the right foot 
of M. elatus (No. 1706A). Xb 1, anterior 
view; 2 ,tibial surface; 3, posterior view; 4, supe¬ 
rior view; 5, fibular surface; 6. inferior surface. 
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has not yet been found a bone which can positively be recognized as an ento¬ 
cuneiform, but, judging from the fact that the navicular of many individuals shows 
no articular surface for the entocuneiform, and also that Mt. II seldom shows 
any indication of a contact with this element, it is very evident that the bone was 
only a small sesamoid, or was entirely wanting. In Eomoropus from the Washakie 
Eocene the entocuneiform is present but has no facet for Mt. I. 

In the material representing Macrotherium grande at our command there are 
no cuneiforms. In Nestoritherium on the other hand the ecto- and mesocuneiforms 
are represented. In the casts used these bones adhere to Mt. Ill and IV respectively. 
In proportions and details these two bones are remarkably similar to the same 
elements in the American genus Moropus. 


Measurements of Mesocuneiform. 



No. 1706a 

No. 1701 


( M . elatus), 

( M . petersoni), 


mm. 

mm. 

Antero-posterior diameter. 

. 40 

38 

Transverse diameter. 

. 23 

22 

Vertical diameter. 

. 20 

14 


Metatarsal II (Fig. 104).—The proximal end of the second metatarsal is very 
little expanded especially in the lateral directions. The actual length of the 
bone is very little less than that of Mt. Ill, but in the tarsus it appears quite short 
on account of the elevation of its head above that of the latter (PI. LXXII). 
The head has four articular surfaces. One di¬ 
rectly superior for the entocuneiform and the 
other three on the fibular side articulating with 
the ectocuneiform and Mt. III. The first is 
concave antero-posteriorly, slightly concave lat¬ 
erally, and corresponds with the evenly convex 
distal surface of the mesocuneiform. The lat¬ 
eral facets are of an interlocking nature and 
below the articulations there is a rugose eminence 
for cartilaginous attachment which takes up 
the entire fibular face of the bone (see Fig. 104, 

1). The dorsal and tibial faces are quite rugose, 
while plantarly there is a protuberance which extends across the entire plantar 
face of the head. The shaft is rather short and heavy; it is cylindrical, but with a 
rugose ridge extending from the plantar tibial angle of the head to the middle 
region of the shaft, well illustrated in Fig. 104, 3. Distally the bone is more 
expanded than proximally, with the anterior portion of the trochlea hemispherical 



Fig. 104. Mt. II of right foot of M. 
clatus (No. 1706A). Xh 1, fibular side; 
2, dorsal side; 3, tibial side. 
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as in the metacarpals, and separated from the shaft by a prominent groove which 
terminates in pits on either side of the trochlea, not unlike what is seen in the 
carnivores. Plantarly there are the usual large surfaces for the sesamoids which 
are separated by a heavy keel. The latter extends well down and is abruptly 
terminated by the hemispherical surface on the dorsal face. 

In Nestoritherium the second metatarsal is relatively shorter than in Moropus. 
The shaft is also more trihedral, chiefly due to the greater development of the 
fibular face and the dorso-tibial angle of the shaft. Distally the metapodial keel 
is less prominent, and the trochlea somewhat more oblique than in the American 
form. 

In Macrotherium the metatarsals are relatively shorter and heavier than in 
Moropus. In the former the head of Mt. II rises above that of Mt. Ill as in the 
latter, but the articulation for the mesocuneiform is more cup-shaped, and the 
facet for the ectocuneiform takes up a larger portion of the proximal end. Further¬ 
more, the lateral articulation is less interlocking in the European form due to the 
absence of the prominent arm at the dorso-tibial angle (see Fig. 104, 2). In 
Macrotherium the shaft is broader transversely while the distal trochlea is quite 
similar to that in Moropus. In the former the trochlea is, however, less distinctly 
separated from the shaft dorsally than in the latter genus. 

In Schizotherium priscum Mt. II is apparently slenderer than in either Chalico- 
therium, Macrotherium, or Moropus. 13 Proximally the head is rather compressed 
laterally and not much expanded antero-posteriorly. It would appear that there 
was an entocuneiform of considerable size in the tarsus of this early genus, judging 
from the margin of what appears to be an articular facet of considerable size on 
the injured (?) tibial face of the head. 74 The shaft is somewhat less cylindrical 
than in Moropus, while the distal trochlea is quite similar. 


Measurements of Second Metatarsal. 75 




No. 2193 Y.M. 

No. 1706a 

No. 1701 

No. 936S A.M. 


(M. claim , type), 

(M. elatus), 

(M. petersoni ), 

(M. matthewi), 


mm. 

mm. 

mm. 

mm. 

Length. 

. 134 

137 

105 

123 

Antero-posterior diameter of head. 

. 49 

48 

39 

46 

Transverse diameter of head. 

. 36 

40 

SO 

50 

Transverse diameter of distal end. 

. 38 

46 

30 

48 

Antero-posterior diameter of distal end. . . 

. 41 

48 

35 

48 


73 Mt. II, which Filliol associates with the pes of Schizotherium , is probably not of the same individual. 

74 In consulting Filhol (Observations concernant Quelques Mammiferes Fossiles Nouveaux Du Quercy, 
Ann. Sci. Nat. Zool. et Pal., Tome XVI, 1894, p. 147) it would appear that this surface is caused by a pick used 
in excavating the specimen. 

75 Italicized numbers represent estimated measurements, 
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Metatarsal III (Fig. 105).—The head of Mt. Ill is more expanded than that 
of Mt. II, which is chiefly due to a heavy process pointing in the fibular direction 
not unlike the process on the dorso-ulnar angle of the head of Me. Ill, and also 
to the prominent tuberosity on the plantar face. The fibular face has two articu¬ 
lations for Mt. IV, a large one on the process near the dorsal face, and a smaller 
one on the fibular face of the plantar process. The two facets together form a 
conspicuous antero-posterior concavity, which fits corresponding facets on Mt. IV, 
and forms a most effective interlocking articu¬ 
lation when the two bones are in position. 

This condition is entirely unlike that in Titano- 
therium, in which the lateral facets on Mt. Ill 
and IV are rather small, and not of an interlock¬ 
ing nature. In the latter genus, however, the 
cuboid reaches over and articulates with a 
considerable portion of the head of Mt. Ill, 
and in this way interlocks these two bones of 
the pes which is not the case in Moropus, the 
latter showing conditions more nearly like 
those in the true Rhinoceroses. The tibial face 
of the head has an unevenly convex articula¬ 
tion for Mt. II, which is situated on a large eminence and fits into a corresponding 
groove on the fibular face of the head of Mt. II, already described. The articula¬ 
tion for the ectocuneiform is plane, triangular in general outline, and of consider¬ 
able obliquity, due to the ascent of the large process on the fibular angle (see Fig. 
105, 2). As in Mt. II the shaft is cylindrical and the distal trochlea also assumes 
the same general characters. 

One of the more important generic characters of Nestoritherium pentelici is 
found in the relative length of the metatarsals. In Macrotherium Mt. IV is the 
longest, i i Moropus and Schizotherium Mt. Ill and IV are of subequal length, but 
in Nestoritherium Mt. Ill is decidedly the longest, a character more nearly re¬ 
sembling the conditions in Titanotherium than in any of the Chalicotheres, in which 
this portion of their anatomy is known. Proximally the head carries only one 
facet, that for the ectocuneiform, exactly as in Moropus and Schizotherium. In 
Nestoritherium the details of the head are very nearly as they are in the American 
form; the shaft, however, is broader transversely, the dorsal face of the trochlea 
somewhat less hemispherical, and the carina less prominent. 

Beside the relatively shorter Mt. Ill in Macrotherium it has even a greater 


Fig. 105. Mt. Ill of the right foot of AI. 
elatus (No. 1706A). X J. 1, fibular view; 2, 
dorsal view; 3, tibial view. 
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obliquity to the ectocuneiform articulation, and, as in Titanotherium, the cuboid 
articulates with the fibular portion of the head. The shaft of Mt. Ill in Macro- 
therium is broad transversely, and not round as in Moropus. 


Measurements of Third Metatarsal . 76 



No. 2193 Y.M. 

No. 1706a 

No. 1701 

No. 9077 A-M. 


( M . elatus, type), 

( M . elatus), 

(M. petersoni), 

(A/, matthewi ), 


mm. 

mm. 

mm. 

mm. 

Length. 


• 156 

122 

122 

Antero-posterior diameter of head. 

. 54 

53 

40 

47 

Transverse diameter of head. 

. 45 

48 

48 

48 

Transverse diameter of distal end. 


45 

39 

48 

Antero-posterior diameter of distal end. . . 


54 

38 

48 


Metatarsal IV (Fig. 106).—The head of Mt. IV is square in outline. Proxi- 
inally there is a large, nearly plane facet for the cuboid. The fibular and plantar 
faces are considerably expanded due to heavy rugosities and protuberances. On the 

tibial face are two facets for Mt. Ill, which are 
conspicuous because situated on these projec¬ 
tions, so that, when the metatarsals are placed 
in position, the lateral faces of the shafts are 
entirely separated (see Plate LXXII). The 
shaft is less cylindrical than in Mt. III. This 
is chiefly due to a heavy and rugose ridge which 
extends from the head throughout the entire 
length of the shaft on the fibulo-plantar angle. 
The distal end of the bone points slightly in 
the tibial direction, due to the curvature of 
the shaft (see Fig. 105, 2). The trochlea has 
a greater obliquity than in Mt. Ill; otherwise 
there is very little difference in the details of the two metatarsals here compared. 

Mt. IV in Macrotherium is conspicuously the longest, while in Moropus it is 
very little, if any, longer than Mt. III. In Macrotherium the facet for the cuboid 
is more concave due to the raised fibular and plantar borders; the outline of the 
articular surface is more nearly square; while the distal trochlea has about the 
same degree of obliquity as in the American form. 

In Nestoritherium Mt. IV is fully as heavy as Mt. Ill, but considerably shorter, 
as previously stated. The facet for the cuboid is somewhat more oblique than 
in Moropus, which is entirely due to the more elevated tibio-plantar angle of the 
76 Italicized numbers represent estimated measurements. 



Fig. 106. 
(No. 1706A) 


Mt. IV of right foot of M. elalus 
Xb 1, fibular view; 2, dorsal 


view; 3, tibial view. 
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form from Pikermi. The facet for Mt. Ill situated near the dorsal angle is quite 
large, while the one on the plantar face is apparently obsolescent as in Macrotherium 
and is thus unlike the well formed facets located on the lower side in Moropus and 
Schizotherium. 

Measurements of Fourth Metatarsal . 77 



No. 1706a 

No. 1701 


CM. elatus ), 

(M. petersoni), 


mm. 

mm. 

Length. 

. 157 

123 

Antero-posterior diameter of head. 

. 48 

35 

Transverse diameter of head. 

. 57 

35 

Transverse diameter of distal end.. 

. 49 

34 

Antero-posterior diameter of distal end.. 

... 53 

38 


The Sesamoids of the Pes .—The sesamoids of the hind feet are similar to those 
of the fore feet, and one of them is shown in the accompanying figure (Fig. 107). 

The Phalanges (Figs. 108-115).—The uniformity in size of the metatarsals 
is also carried out in the phalanges. The latter are more uniform in size than 



Fig. 107. Sesamoid of Mt. IV, right 
pes of M.elatus (No. 17064). Xb 1, 
articular surface; 2, tibial side; 3, poste¬ 
rior view; 4, fibular side. 



Fig. 108. Proximal phalanx 
of digitII, right pes of M.elatus 
(No. 17064). Xb 1, superior 
view; 2, lateral view. 



Fig. 109. Median pha¬ 
lanx of digit II, right pes 
of M.elatus (No. 17064). 
Xb 1, dorsal view; 2, 
lateral view. 


in the manus. Furthermore, the proximal phalanges of the pes have less expanded 
proximal ends, but the structure in detail is otherwise similar to that in the manus. 
The median and ungual phalanges are also similar in detail in the fore and hind 



Fig. 110. Ungual phalanx of 
digit II, right pes of M. elatus 
(No. 17064). Xb 1, lateral 
view; 2, anterior view. 



Fig. 111. Coossified proximal and 
median phalanges of digit II of right 
pes of M. elatus (No. 17064). Xb 
1, fibular, 2, dorsal, 3, tibial, views. 



Fig. 112. Proximal pha¬ 
lanx of digit III of right 
pes of M.elatus(No. 17064). 
Xb 1 ) anterior view; 2, 
tibial view. 


77 Italicized numbers represent estimated measurements. 
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feet. A typical feature of the genus is seen in the separated first and second 
phalanges of all the digits. In the extensive material in the Carnegie Museum 
there is, however, occasionally found a coossified first and second phalanx of the 
pes; a character of individual variation or possibly old age (see Fig. 111). 



Fig. 113. Median phalanx of 
digit III, light pes of M. dalus 
(No. 1706.4). X- 3 . 1 , dorsal 

view; 2 , lateral view. 



Fig. 114. Ungual phalanx 
of digit III of right pes of M. 
elatas (No. 1706.4). XJ. 1, 
dorsal view; 2 , lateral view. 



Fig. 115. Ungual phalanx of 
digit IV of right pes of M. elatus 
(No. 1706^4). XI. 1, dorsal 
view; 2 , lateral view. 


As represented in the cast of the hind foot of Nestoritherium pentelici, the 
three phalanges of the fourth digit are all present. They are proportionally some¬ 
what shorter and broader than in Moropus, but more closely suggest the latter than 
the same bones in Macrotherium. Judging from the cast, these bones appear to 
be coossified, which is not at all surprising in view of the tendency toward coossi¬ 
fication of the phalanges in Moropus from an earlier formation. 

In Macrotherium the proximal phalanges are shorter, much more depressed, 
and broader, and the terminals are larger in proportion than in Moropus. The 
proximal and median phalanges are not coossified; the articulations, however, 
indicate that had we a number of individuals, there would undoubtedly be found 
cases of coossification of these two bones in Macrotherium. 


Measurements of Phalanges. 


Length of a first phalanx, 2 d digit. . . . 
Length of first and second phalanges. . 
Length of terminal phalanx of 3d digit 
Height of same phalanx. 


No. 1706a 

No. 1701 

( M . elatus ), 

(4/. pctersoni) f 

mm. 

mm. 

.... 6S 

50 

.... S3 


.... 84 

40 

.... 45 

31 


Articulated Skeleton and Restoration of Moropus elatus Marsh. 

Plates LXXIII-LXXVII. 

The articulated skeleton of Moropus elatus presents many unique features. 
Perissodactyl characters predominate when the skeleton is viewed as a whole, 
but in detail there are a number of anomalous features, among which the structure 
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of the phalanges, the distal end of the metapodials, the lower end of the humerus, 
and the length of the ischium are the most noticeable. The head is that of a Peris- 
sodactyl combining various features represented in the horse, the rhinoceros, and 
the tapir, as has been already pointed out in the foregoing pages. The neck is 
perhaps most like that of the horse, though heavier. The thorax and the lumbar 
region are suggestive of the Rhinoceroses in general appearance, while the dorso- 
lumbar region, in the number of its vertebrae, is more like Titanotherium. The 
hind limbs are especially like those in the latter genus, except that the pelvis is 
much longer. The scapula is also very large and in this respect suggests Titano¬ 
therium, but it is on'the whole more like that of the Rhinoceroses in its general 
outlines. The humerus has a curiously primitive appearance, the distal end being 
especially suggestive of the conditions met with in early Tertiary forms ( Phenacodus , 
etc.). The ulna-radius is highly modified, much elongated, and often cobssified 
throughout. The carpus is completely diplarthrous, while the tarsus is nearly 
so (the distal face of the astragalus articulating with the navicular only). The 
upper ends of the metapodials are of the ungulate pattern, while distally they 
present the anomaly of being more nearly like those of a carnivore, in order to 
conform to the curiously modified phalanges. The body is heavy as are the limbs 
and the feet, especially the fore feet, while the head is rather small in proportion. 
In Moropus the fore limb is longer than the hind limb, but not to the same degree 
as appears to be the case in Macrotherium grande according to illustrations given 
by different authors. 

As has been stated in an earlier publication (Z. c., p. 742) the vertebral column 
as well as the ribs, and the fore limbs and feet represent but one individual. The 
hind limbs and feet were found a short distance from where the main portion of 
the skeleton was discovered (see Fig. 2) and are associated with the skeleton 
under a separate number (No. 1706). This association is established because the 
pelvis and hind limb appear to agree with the rest of the skeleton and it is altogether 
probable that they pertain to the same individual. 

The restoration of the skeleton shown in the plates has been most skilfully 
effected by Mr. S. Agostini under the supervision of Mr. Peterson. 

Measurements of the Mounted Skeleton. 


Mm. 

Total length from the end of the lower jaws to ischial tuberosity. 2,950 

Length of cervical region. 810 

Length of dorsal region. 860 

Length of lumbar region. 450 

Length of sacrum, approximately. 200 
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Greatest transverse diameter at the heads of the humeri. 640 

Greatest transverse diameter of the thoracic cavity at 10th rib. 670 

Height at withers or second dorsal vertebra. 1,860 

Height at last lumbar vertebra. . 1,700 

Height at point of ilium. 1,520 

Height at ischial tuberosity. 1,060 

Length of sternum, approximately. 780 

Length of tail, approximately. . 720 


In concluding this memoir it may be said that the study of the various portions 
of the skeleton outlined in the previous pages shows very clearly the fact that 
Moropus was a highly aberrant Perissodactyl, in some portions of its bony 
framework revealing affinities with the horses, Titanotheres, and Paleotheres, 
but quite distinct from all these and representing a wholly independent line of 
evolutionary development. The opinion has long been held that the Chalicotheres 
were European in their origin, as until recently the oldest remains representing 
them came from that part of the world. The recent determination by Professor 
Osborn of Triplopus amarorum Cope as a Chalicothere from the Washakie Eocene, 
shows us that these animals existed at about as early a date on the soil of the New 
as on that of the Old World. If Prof. Osborn is correct in his view—and apparently 
there is no reason to call in question his judgment—the origin of the family is 
found far back in the early Tertiaries of both the great land masses. Where the 
initial point of development was, is, however, still left in obscurity, though Eo- 
moropus seems to reveal characters which are nearly as primitive as those 
which are revealed by what little we possess of the skeletal remains of the 
earlier European genera. A vast amount of exploration and research must still be 
performed before the evolutionary history of this family can be regarded as having 
been placed upon an approximately sound basis. 

CHAPTER VI. BIBLIOGRAPHY. 

The following list of papers, which are arranged alphabetically according to authors 
under the year of publication, cites the more important contributions which have been 
made to the literature and discussion of the subject with which this Memoir deals. It 
is not necessarily complete, the author not having been able to devote to its compilation 
as much time as he would have liked to bestow; but, though there are no doubt omissions, 
it fairly represents the literature to which the student of the subject requires to have access. 

1825. 

Cuvier, Baron Georges — “ Sur une phalange ongueale fossile qui annonce a die seule 
un Edente inconnu, probablement du genre des Pangolins, et de tattle gigantesque.” 
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Recherches sur les Ossemens Fossiles, Tome Y, Ire Partie, pp. 193-195. 3me Edition, 
1825. 

In this paper Cuvier describes the cast of an ungual phalanx found at Eppelsheim, 
Germany, and refers it unhesitatingly to the Edentata, pointing out its similarity to 
the claw of Oryderopus. 

1833. 

Katjp, Johann Jakob —“ Ossemens Fossiles de Darmstadt,” 2me Livraison, p. 6, PI. 7. 

The author gives the name Chalicotherium goldfussi to an animal, which in the 
first Livraison of the same work he had designated as Lophiodon goldfussi, and de¬ 
scribes Chalicotherium antiquum. 

1837. 

Lartet, Edouard A. I. H .—“ Note sur les ossements fossiles des terrains tertiaires de Simorre, 
de Sansan, etc., dans le departement du Gers, et sur la decouverte recente d’une machoire 
de singe fossile.” Comptes Rendus des Seances de l’Academie des Sciences, 1837, 
T. IV, pp. 85-93. 

Mons. Lartet in his communication (l. c., p. 90) says: “ The order Edentates was 
represented in our Tertiary fauna by a very large quadruped, of which I am only able 
to deposit in the Museum two or three phalanges and one tooth in very bad condition.” 

. . . “ M. Cuvier was acquainted with one ungual phalanx of this same edentate which 
had been found upon the banks of the Rhine; and this great naturalist was led by its 
form to refer it to a Pangolin gigantesque, to which, judging from proportions, he as¬ 
signed a length of twenty-four feet.” 

“ The claws of our edentate are like those of pangolins, cleft in front and without an 
osseous sheath, but they are proportionately higher, less elongated, and slenderer. 
Before speaking of the differences shown by other portions of the extremities, I may 
recall that our animal had at least some molar teeth, a fact which separates it altogether 
from the pangolins.” 

“ These teeth, 1 formed of not very compact ivory, were without roots and entirely 
devoid of enamel. They projected but little from the alveoli, and their method of 
reciprocal action resulted in crushing rather than grinding their food; the result being 
a method of mastication too imperfect to allow us to suppose that the animal was 
herbivorous. For the same reason, if it fed upon flesh, it could only have been the 
carcasses of dead animals; fruits and insects remain to be suggested as its possible 
aliment. The form of the radio-humeral articulation would indicate that our eden¬ 
tate was able to some extent to execute the movement of supination.” 

“ The articulation of the fingers of this edentate reveals a singular anomaly: the 
first phalanx of each finger, placed horizontally in respect to its length, receives the 

1 The teeth described by Lartet were subsequently shown by Filhol and Deperet to be the roots of the 
broken teeth of a mastodon of small size. 
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head of the corresponding metacarpal not end to end, as in other quadrupeds, but in 
a cavity excavated in its upper surface and considerably enlarged posteriorly. This 
cavity, which is quite deep, is rounded and marked at its posterior border by a de¬ 
pression, over which plays the median ridge, which does not appear until the back of 
the head of the metacarpal is reached. This mode of articulation, causing the whole 
weight of the body to be carried upon the broad base provided by the anterior pha¬ 
langes, would greatly aid the animal in walking by decreasing the embarrassment 
occasioned by its enormous claws, which we may believe to have been habitually 
bent underneath. It is possible to form a conception of the effect produced in this 
way by imagining a man walking upon his toes, the soles of the feet being raised a 
little, and the big toes bent backward.” (Translation W. J. H.) 

Lartet, Edouard A. I. H.—“ Sur les debris fossiles trouves a Sansan , et sur les animaux 
antediluviens en general .” Extrait d’une lettre de M. Lartet a M. Flourens. (Com- 
missaire M. de Blainville.) Comptes Rendus des Seances de l’Academie des Sciences, 
1837, T. V, 15S-9. 

On page 159 it is stated that M. Lartet in his letter ' made some statements in 
regard to the disposition of the bones in the digits of the huge edentate the remains 
of which had been found at Sansan, but these remarks, which are designed to correct 
an opinion previously expressed by the author, would be difficult to understand without 
the figure, which M. Lartet has transmitted with his letter.' This figure is not 
published in the Comptes Rendus . 

De Blainville, Henri Marie Ducrotay. —“ Rapport sur un nouvel envoi de fossiles pro- 
venant du depot de Sansan.” Par M. de Blainville. Comptes Rendus des Seances 
de rAcademie des Sciences, 1837, Vol. V, pp. 417-427. 

The report presented by M. de Blainville related to the sending of fossils made by 
M. Lartet and his letter of which acknowledgment was made at the session of August 
7 th. 

On page 418 M. de Blainville remarks: “ In the first place he (M. Lartet) rectifies 
with a frankness as loyal as explicit an error, which in view of his isolated position is 
perfectly excusable. The mistake he made occurred when speaking of the mode of 
locomotion of the singular and gigantic animal belonging to the edentates, of which 
he had only found a single tooth and some phalanges at the time of his first shipment 
of specimens. To this animal he has felt justified since that time in applying the name 
Macrotherium , which we very willingly shall adopt. The method of locomotion which 
M. Lartet now proposes in the case of this animal is much more in accordance with 
analogies and is probably correct.” (Trans. W. J. H.) 

On page 424 M. de Blainville says: “ Of the greatest interest are some new fragments 
of the gigantic Macrotherium , showing plainly that the digits possessed an organization 
very analogous to the same parts in the Oryeteropus , a living edentate, confined to the 
southern extremity of Africa.” (Trans. W. J. H.) 
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Falconer, Hugh, and Cautley, P. T.—Transactions of the Geological Society of London, 
Vol. V, p. 502. 

The authors give a description of Anoplotherium sivalense based upon fragments 
in their possession. 

1839-1864. 

De Blainville, H. M. D.— Osteographie ” Anoplotheriums, p. 66, Planches III and IV. 

The plates represent with fidelity the remains of the “ grande Anoplotherium ” of 
Lartet = Macrotherium grande. 

1847. 

Falconer, Hugh, and Cautley, P. T.— “ Fauna Antigua Sivalensis ” Folio, Plates only. 

In Part VIII, Plate 80, nine figures are given, showing the dentition and the anterior 
portion of the skull of Chalicotherium sivalense. Fig. 15 seems to show an opening, 
which, unless we had the paper published in 1868 (c/. H. Falconer under that date), 
would certainly lead the student to believe that there existed a vacant alveolus for 
an incisor in the lower jaw. 

1848-1852. 2 

Gervais, Paul — “ Zoologie et Paleontologie Francoises Vol. I, p. 91. 

Gervais applies to the “ grand Anoplotherium ” of Lartet, which the latter found 
at the same place where he had discovered the remains of the “ Pangolin gigantesque,” 
the generic name proposed by Kaup in 1833, the generic identity of the forms being 
shown by the dentition. Chalicotherium grande (Gervais) Lartet, thenceforth, is 
recognized as a Perissodactyl, through the remains of the head; while the feet are still 
regarded as representing the remains of a colossal edentate, Macrotherium. 

1853. 

Pictet, Francois Jules — “Traite Elementaire de Paleontologie” (Second Edition), 3 
Tome I, p. 337; Atlas PL XV, fig. 6. 

Under Chalicotherium Kaup, Pictet in the figure above cited gives figures of a 
detached molar tooth and of four united molars. 

In the text he recognizes four species of Chalicotherium as having been ascertained 
to have existed, the two named by Kaup, of which Pictet says that “ C. Goldfussi had 
the size of the Javan rhinoceros,” while he compares the smaller species with “ the 
Sumatran rhinoceros”; C. grande Gervais; and C. sivalense Falconer & Cautley, the 
latter figured, but not as yet described. 

1854. 

Roth (Johannes) and Wagner (Johann Andreas) —Abhandlungen der Bayerischen 
Akademie der Wissenschaften, Vol. VII, p. 415, PI. X, figs. 1 and 2. 

The authors describe and figure the proximal phalanx of an undetermined species of 
Macrotherium from Pikermi. 

2 A second edition was published in 1859. 

3 The first edition was published in 1844. 
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1856. 

Gaudry et Lartet- —Comptes Rendus, Vol. XLIII p. 271. 

Give a description of Macrotherium. 

1857. 

Wagner, Johann Andreas —“ Neue Beitrage zur Kenntniss der fossilen Saugthier- 
Ueberreste von Pikermi.” Abhandl. d. K. Bayer. Akademie d. Wissenschaften, II 
CL, Bd. VIII, Abth. 1. 

Describes and figures the superior dentition of an animal from Pikermi, which he 
associates with his Rhinoceros pachygnathus from the same locality. 

Kaup, J. J .—“ Beitrage zur naheren Kenntniss der urweltlichen Saugethiere.” 4tes Heft. 

The author sets up the genus Nestoritherium for the reception of the Chalicotheroid 
from Pikermi, originally described and figured by Wagner in 1857 as being a portion 
of his Rhinoceros pachygnathus. 

1862-1867. 

Gaudry, Albert —“ Animaux Fossiles et Geologie de VAttiquc.” 

A most important work, in which the author fully describes and figures the chali- 
cotherine remains found by him and his associates at Pikermi, during their explorations 
made in 1855-56, and in which he erects the genus Ancylotherium for these remains. 

1868. 

Falconer, Hugh — “Fauna Antiqua Sivalensis,” 8vo, pp. 1-lvi + 1-590, PI. I-XXXIV. 
Being Vol. I of the “ Palceontolcgical memoirs and notes of the late Hugh Falconer,” 
etc., edited by Charles Murchison. 

On pp. 208-226 there is given a full account of the remains of Chalicotherium sivalense, 
the paper having been prepared in 1847 for the Geological Society, but not presented, 
and being for the first time published in 1868. It is accompanied by thirty-four plates, 
which are taken from the large folio plates of the Fauna Antiqua Sivalensis and reduced 
to octavo size. Of these, Plate 17 (corresponding to Plate 80 of the great folio, with 
the omission of Figs, lc and 3a of the latter) curiously enough in figs. 3 and 4 appears 
to indicate the presence of an incisor tooth in the upper jaw, though the author ex¬ 
plicitly states that no incisor is present, and fig. 5 appears to show a vacant alveolus 
for an incisor in the lower jaw, though here also the author emphatically denies the 
existence of any trace of incisors in this fragment. 

Murchison, Charles —“ Description of the Plates of the Fauna Antiqua Sivalensis Com¬ 
piled from Notes and Memoranda by Hugh Falconer, M.D.” Issued as a reprint of 
pp. 421-556 of the work last cited, with a new pagination, page 421 being page 1, etc. 

On p. 103 we find the following: “ Figs. 1, la, 15, and lc.—Anterior half of an adult 
head, with the upper and lower jaws in natural apposition, and exhibiting the greatest 
portion of the dental series of both jaws. The greater part of the cranium is absent. 
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The specimen demonstrates the very remarkable fact that the Chalicotherium sivalense 
was entirely destitute of incisor teeth in either jaw. The intermaxillary bones are 
perfect to their tips, and consist of slender slips of bone converging to a sharp point; 
they show that no incisor teeth could have existed in the upper jaw at any period of the 
animal’s age. The anterior portion of the lower jaw is perfect to the alveolar edge. 
A detached canine is seen on either side, but the intervening space is without a vestige 
of incisors, and is contracted in correspondence with the convergence of the inter¬ 
maxillary bones, and sloped off to a fine edge. The upper jaw is also destitute of 
canines or of any trace of canine alveoli; but the lower jaw contains two canines, as 
shown in figs, la and 16, the crowns of which are thick, cuneiform, and somewhat tri¬ 
angular, and slightly inclined forward, with a blunt apex. The specimen shows three 
premolars and the first true molar; the two back molars are absent. The characters of 
the molars are better seen in figs. 3 and 4, and are described in great detail in Dr. F.’s 
Memoir on Chalicotherium.” 

“ This beautiful specimen was originally in the Dadoopoor Collection of Messrs. 
Baker and Durand, and is now in the Museum of Marischal College, Aberdeen, Cast in 
British Museum.” 

1870. 

Owen, Richard —“ On Fossil Remains of Mammals found in China.” Quarterly Journal 
of the Geological Society, Vol. XXVI, pp. 417-434. 

On pp. 429—433 the author describes the last right upper molar of a species, to which 
he gives the name of Chalicotherium sinense. On Plate XXIX, figs. 7-10, he gives 
views of this tooth. The specimen was “ obtained in a cave” by Robert Swinhoe, Esqr. 

Huxley, Thomas H. —“ Anniversary Address of the President of the Geological Society.” 
Quarterly Journal of the Geological Society of London, Vol. XXVI, pp. xlii-lxiv. 

On p. lvii the name Homalodotherium is announced for “ a new Anoplotherioid 
mammal, which Dr. Cunningham sent over to me some time ago from Patagonia.” 

1872. 

Gill, Theodore N.—“ Arrangement of the Families of Mammals, and Synoptic Tables of 
Characters of the Subdivisions of Mammals.” Smithsonian Miscellaneous Collections, 
No. 230. 

Dr. Gill in this paper locates the Chalicotheriidse among the Artiodactyla. On p. 
71 he characterizes them as follows: 

“ Incisors deciduous from upper as well as lower jaws. Canines of lower jaw in¬ 
clined forwards, with compressed cuneate crowns. Placenta and stomach unknown.” 
On p. 76 he erects the superfamily Chalicotheroidea. 
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1873. 

Gaudry, Albert — “ Animaux Fossiles du Mont Leberon.” 

On p. 84 the author lists Chalicotherium from Eppelsheim among the Pachyderms, 
and on pp. 88 and 91 points out the relationship between Macrotherium and his 
Ancylotherium. 

Koavalevsky, Woldemar — “Monographic der Gattung Anthracotherium Cuv. und Versuch 
einer Naturlichcn Classification der fossilen Hufthiere.” Palaeontographica, Vol. XXII, 
pp. 131-346. 

Kowalevsky says, p. 175: “ Of Chalicotherium (Anisodon ), which is often represented 
as a descendant of Anoplotherium, we know but little, more particularly are we left 
in ignorance of its skeletal structure. If it belongs to the Artiodactyla it evidently 
represents a line of descent older than Anoplotherium, that is standing nearer the point 
at which the Artiodactyla and the Perissodactyla separated from each other, for the 
reason that the molars of the lower jaw are almost entirely like those of the Peris¬ 
sodactyla without any trace of the folding of the inner cusps, which is to be already 
detected in the Anoplotheria. Anisodon retains the canines. The transition from 
the upper molars to the premolars through the short P 1 is not sudden, but the pre¬ 
molars of Anisodon reveal a gradual simplification of the molars such as is to be observed 
almost exclusively in the Perissodactyla. Anisodon appears to have no connection with 
the existing fauna, and it is even doubtful whether it should be assigned to the Artio¬ 
dactyla, since the astragali from Sansan which have been attributed to it, perhaps do 
not belong to it at all.” 

On pp. 248-251 the author from an examination of the milk dentition of Chali¬ 
cotherium concludes that it cannot belong to the Artiodactyla, but should be referred 
to the Perissodactyla. 

Flower, William H.—Proceedings of the Royal Society of London, Vol. XXI, p. 383. 

Dr. Flower erects the genus Homalotherium for the remains received by Huxley, 
and to which the latter alluded in his Annual Address before the Geological Society of 
London in 1870. ( Cf. Quarterly Journal Geol. Society, Vol. XXVI, p. Ivii.) 

1874. 

Cope, E. D.— “ Report upon Vertebrate Fossils Discovered in New Mexico, with Descriptions 
of New Species.” Annual Report of the Chief Engineers, 1874. Appendix FF. 3, 
pp. 591-600. Issued as a separate reprint from the Government Printing Office, Nov. 
28, 1874, pp. 1-18. 

The original description of Meniscotherium chamense gen. et sp. nov. Cope, is given 
on p. 596, as follows: 

“ Char. gen. —Molars three, with two continuous external crescents and two internal 
tubercles, except on the posterior, where there is but one, the anterior conic tubercle. 
The posterior tubercles on the other molars crescentoid in section. A well-developed 
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crescent between the anterior tubercle and anterior crescent, and an oblique crest 
extending from the latter to the adjacent horn of the posterior inner tubercle. Two 
external crescents on the last premolar. 

“ This genus presents a curious combination in the structure of its molars of the 
character of Palceosyops, Hyopotamus, and Hipposyus. It is exceptional among the 
ungulates of the same fauna in the number of crescents of the molars. 

“ Char. Specif. Last molar with the oblique inner posterior crest terminating at the 
posterior margin of the crown. Prominant external ribs at the point of connection 
of the external crescents of the crown. No cingula; enamel entirely smooth. 


“Length (externally) of last four molars.029 

Length of true molars. 022 

Length of penultimate molar.009 

Width of penultimate molar.010 


“ This animal was about the size of the racoon, and probably had the habits of the 
tapirs.” 

Flower, William H.—(Philosophical Transactions, Yol. CLXIV, p. 173.) 

Homalodontotherium cunninghami is described. 

Marsh, O. C.—“ On the Structure and Affinities of the Brontotheriidce.” Amer. Journal of 
Science (3), Vol. VII, p. 82. 

The author states that the molars of the Brontotheriidae resemble those of Chalico- 
therium. 

1875. 

Cope, E. D .—“ Geographical Explorations and Survey West of the 100th Meridian, Systematic 
Catalogue of Vertebrata of the Eocene of New Mexico Collected in 1874.” 

P. 19. Meniscotherium chamense Cope, cited under the Perissodactyla. 

Gaudry, A .—“ Sur de nouvelles pieces fossiles decouvertes dans les phosphorites du Quercy.” 
Comptes Rendus, Vol. LXXXI, p. 1113. 

Contains an account of the discovery at Bach in the canton of Lalbenque of the 
upper jaws of a Chalicotherium three-fourths the size of that of Chalicotherium magnum, 
revealing minor differences in the dentition. To this form he applies the specific 
name modicum, to indicate that the oldest representatives of the genus Chalicotherium, 
were smaller than their successors of the middle Miocene, which in turn were smaller 
than their successors represented by Chalicotherium goldfussi, of the upper Miocene. 
He also calls attention to the fact that the teeth of Chalicotherium and the other genera 
associated with it show that they were given to feeding upon grasses, and that therefore 
in the south of France before the middle of the Miocene epoch there must have been 
a considerable development of meadow-lands. 
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Gatjdry, A. —“ Sur quelques indices de Vexistence d’Edeyites de VEpoque Miocene.” Comptes 
Rendus, Vol. LXXXI, pp. 1036-1038. 

“ The phosphorites of the neighborhood of Cajdus, in which MM. Gervais, Filhol, 
and Delfortrie have already discovered fossils of many various types, have recently 
furnished proofs of the existence of an animal, which evidently belonged to the order 
of Edentates. Representatives of this order have not yet been observed in any for¬ 
mation as old as this. 

The determination of the Edentate from the phosphorites is based upon only two 
fragments, but these two fragments are very characteristic. They are a first phalanx 
and an ungual phalanx, which appear to belong to the same digit. The first phalanx 
is 3.5 cm. long; its metatarsal articulating surface lies obliquely in such a way that the 
digit could be raised toward the metatarsal. The articulating surface corresponding 
to the second phalanx is likewise oblique. The ungual phalanx is 2.4 cm. in length by 
1.3 cm. in width. The surface by which it articulates with the second phalanx is 
prolonged a little in its upper portion and thus indicates that there was less play for 
extension than for flexion. The ungual phalanx had in front a deep median fissure 
through which, without doubt, as in the Pangolins, there passed a corneous cushion 
uniting the upper surface of the claw to its lower surface, whence we may conclude 
that the claws were large and solid. Although the claw was hooked, the animal would 
not have been incommoded in its gait because of the power which the first phalanx 
had to throw itself back upon the metatarsal. 

Typotherium and certain Ungulates (notably Paloplotherium minus ) have a fissure 
on their ungual phalanges, but the form and manner of union of the phalanges are 
entirely different from what is seen in the specimen from the phosphorites. The 
Edentates of the genus Pangolin, which have a cloven phalanx, can only to a small 
degree retract their first phalanges toward the metacarpals and metatarsals. In the 
case of the sloths the first phalanx articulates by a ginglymus with the metacarpals 
and the metatarsals, even coalescing with them. In the case of Orycteropus and the 
armadillos the digits are not hooked. The ant-eaters and the fossil Gravigradentia of 
America have digits allowing a very great degree of flexion, but the first phalanges are 
scarcely able to draw back toward the metacarpals and metatarsals. 

It is only in the little group of fossil Edentates from Europe for which Professor 
Gervais has suggested the name of the Macrotheriida; that there is seen a disposition of 
the digits analogous to that presented by these specimens which I am calling to the 
attention of the Academy. The Macrotheriidce include the genera Macrotherium and 
Ancylotherium. I provisionally assign the Edentate from the phosphorites to the 
latter genus, giving it the name priscum to distinguish it from Ancylotherium Pentelici. 
The phalanges of Ancylotherium priscum display notable differences from the fore feet 
of the species from Pikermi. They have points of resemblance with the feet of the 
latter species, nevertheless they are easy to distinguish. They are not one-fourth of 
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the size of the smallest phalanges of Ancylotherium Pentelici. The latter was a gigantic 
a nim al probably greatly exceeding in size the largest rhinoceros, while the foot of the 
Edentate from the phosphorites hardly equaled in size that of a pig. Judging by the 
form of the upper surface of the ungual phalanx the articulation of this phalanx with 
the second was not as solid as in the case of Ancylotherium Pentelici and Macrotherium; 
it permitted a measure of lateral movement, while in the other species only backward 
and forward movement was allowed. The posterior surface of the ungual phalanx of 
Ancylotherium priscum was less curved above than in Ancylotherium Pentelici, and 
much less than in Macrotherium. We may hence conclude that the digit was very 
hooked in the Macrotherium, a little less hooked in Ancylotherium Pentelici, and still 
less hooked in Ancylotherium priscum. Thus we are led to conclude that the older 
form was less specialized and not so greatly separated from that of other Ungulates. 
The fragments of Ancylotherium priscum collected at Mouillac, canton of Caylus 
(Tarn-et-Garonne) by Mons. Rossignol, have been presented to the Museum. . M. 
Rossignol has also sent me fragments excavated in the same place, which are referable 
to the following species: CElurogale intermedia, Cynodictis compressidens, a smaller 
Cynodictis, Canis palceolycos, Hycenodon leptorhynchus, a carnivore, related to Pseudce- 
lurus Edwardsi, Amphictis ambigua, Lophiomeryx, Dichobune, Cainotherium, Gelocus. 
There is therefore reason to believe that the Edentate of the phosphorites lived, it may 
be, in the epoch of the Lower Miocene (horizon of the Fontainebleau sands), it may be 
in the last phase of the Eocene (horizon of the Brie limestone). 

In the neighborhood of Cantayrac, which, like Mouillac, belongs to the canton of 
Caylus, M. Rossignol has discovered another ungual phalanx, the fissure of which 
recalls Ancylotherium, but this phalanx is much smaller yet than that of Ancylotherium 
priscum. It is also more compressed latterly. Its length is 11 mm., its breadth in 
the middle only 5 mm. It is bulged on its lower surface, showing that it rested flat 
upon the ground. Its upper surface, intended to be connected with the second phalanx, 
is surrounded by a rim or flange which does not exist in Ancylotherium. Besides it is 
almost flat and straight. This shows that the digit to which it belonged was not Looked. 
It is possible that this fragment did not belong to an Edentate.” (Trans. W. J. H.) 

Gatjdry, A .-—“ Sur quelques Pieces de Mammiferes Fossiles qui ont etc trouves dans les Phos¬ 
phorites du Quercy.” Journal de Zoologie, Vol. IV, pp. 518-527. 

The article is an elaboration of the two communications made to the Academy 
of Sciences and published in the Comptes Rendus, Vol. LXXXI, at p. 1036 and p. 1113. 
It is accompanied by Plate XVIII, in which figs. 3-8 represent the type of Chalico- 
therium priscum, and figs. 13-14 represent the type of Chalicotherium modicum. 

1876. 

Gervais, Paul —Journa lde Zoologie, Vol. V, pp. 424-432, PI. XVIII. 

The genus Pernatherium (type P. rugosum) from the Eocene of Paris is established. 
It differs from Macrotherium and Ancylotherium in the form of the os calcaneum. 
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“ Zoologie et Paleontologie Generates,” Second Series. 

At p. 59 Gervais remarks upon Ancylotherium pentelici Gaudry and Schizotherium 
priscum Gaudry. 


1877. 


Filhol, H.—" Recherches sur tes Phosphorites du Quercy, Etude des Fossiles qu’on y Ren¬ 
contre, et specialement des Mammiferes.” Annales des Sciences Geologiques, Tome 
VIII, pp. 1-340, PI. I-XXVIII. 

On pp. 273-275 the author discusses Ancylotherium priscum Gaudry, which is recog¬ 
nized as belonging to the Edentata, family Macrotheriidce. Speaking of the analogies 
between the species found in the phosphorites of Quercy, A. priscum, and the species 
found at Pikermi, A. pentelici, he quotes from Gaudry, Journal de Zoologie, Vol. IV, 
pp. 518-520. 

The author gives an account of Chalicotherium modicum Gaudry, and quotes the 
original description. He states that the “ slight differences ” upon which the species 
was founded by M. Gaudry, appear to him scarcely to possess specific value. Fig. 343 
is a representation of the type already figured by M. Gaudry. 

Gaudry, Albert —“ Letter to Count Saporta on North American Vertebrate Paleontology.” 
American Naturalist, Vol. XI, pp. 184-186. 

Gervais, Paul —“ Remarques Osteologiques au Sujet des Pieds des Edentes.” Journal de 
Zoologie, Tome VI, pp. 79-82, 198-228, Pis. II-IV. 

On pp. 221-226, and on PI. II, the author sets forth his views as to the structure of 
the foot of Ancylotherium pentelici and Macrotherium giganteum. He announces that 
he has critically reexamined the specimens and gives figures illustrating the attempt 
which he has made to reconstruct the feet. 

Marsh, 0. C. —“ Note of Some New Vertebrate Fossils.” American Journal of Science and 
Art (3), Vol. XIV, Sept., 1877, pp. 249-256. 

The author describes the genus M or opus and erects three species, distans, senex, 
and elatus, the two former from the John Day Miocene, and the latter from the lower 
Miocene of Nebraska. Marsh compared his specimens with the European Macro- 
theres and, following the example of European authors, placed the genus in the 
Edentata. 

- “ Introduction and Succession of Vertebrate Life in America. An Address 

delivered before the American Association for the Advancement of Science, at Nashville, 
Tenn., Aug. SO, 1877.” 

At p. 24 we find the following: “ The edentate mammals are evidently an American 
type, and on this continent attained a great development in numbers and size. No 
Eocene edentates have been found here, and, although their discoveiy in this formation 
has been announced, the identification proves to have been erroneous. In the Miocene 
of the Pacific Coast a few fossils have been discovered, which belong to this group, and 
to the genus Moropus. There are two species, one about as large as a tapir, and another 
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nearly twice that size. This genus is the type of a distinct family, the Moropodidce. 
In the Lower Pliocene above, well-preserved remains of edentates of very large size 
have been found at several widely separated localities in Idaho and California. These 
belong to the genus Morotherium, of which two species are known. East of the Rocky 
Mountains, in the Lower Pliocene of Nebraska, a large species, apparently of the genus 
Moropus, has been discovered. The horizon of these later fossils corresponds nearly 
with beds in Europe that have been called Miocene. In the Post-pliocene of North 
America gigantic edentates were very numerous and widely distributed, but all 
disappeared with the close of that period. These forms were essentially huge sloths, 
and the more important genera were Megatherium, Mylodon, and Megalonyx. The 
genera Megalocnus and Myomorphus have been found only in Cuba.” 

1878. 

Gaudry, Albert —“ Les Enchainements du Monde Animal dans les Temps Geologiques. 
Mammiferes Tertiaires.” 

On pp. 192-198 the author discusses under the Edentates the feet of Macrotherium 
and Ancylotherium, and gives numerous figures in the text. 

King, Clarence — U. S. Geological Exploration Ifith Parallel. Systematic Geology, Vol. I. 

On p. 424 Moropus distans and senex Marsh are listed from the John Day Beds; on 
p. 430 Moropus elatus Marsh is listed from the Loup Fork Beds. 

1879. 

Cope, E. D.—Proceedings American Philosophical Society, Vol. XVIII, p. 77. 

Dceodon shoshoniensis is described as the type of a new genus and species of Chali- 
cotheres from the Miocene of Oregon. The author states that it is allied to Menodus 
and Symborodon. (.Dceodon is an entelodont. Cf. Peterson, Memoirs Carnegie 
Museum, Vol. IV, p. 63.) 

1880. 

Filhol, H.— Limognitherium ingens gen. et sp. nov. Comptes Rendus, Vol. XC, p. 1580. 

“ Edentes.—L’etude de quelques metacarpiens trouves a Limogne m’a permis de 
decouvrir l’existence ancienne d’un nouveau genre d’edente. L’animal dont provien- 
nent les os qui m’ont etc remis avait une taille puissante, car son troisieme meta- 
carpien mesure 0.180 de longueur. La forme des extremites articulaires inferieures 
est semblable a celles des extremites inferieures des metacarpiens du Macrotherium 
giganteum, mais les surfaces carpiennes sont absolument differentes. Le premier doigt 
parait ne pas avoir existe. Le troisieme metacarpien s’articulait avec le grand os et 
peutetre avec le trapezoide.” 

“ Je nommerai le genre nouveau dont proviennent les pieces que je viens de signaler 
Limognitherium,” etc., etc. 
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Ancylotherium gaudrii sp. nov. Bulletin Soc. Philom. (7), iii, p. 125. 

Filhol dedicates to Mons. Gaudry a supposedly new species of Ancylotherium from 
the Phosphorite beds of Quercy. 

Cope, E. D .—“ On the Extinct Species of Rhinoceridcc of North America and their Allies.” 
Bulletin of the U. S. Geol. and Geog. Survey of the Territories, Hayden, Vol. V, 1878, 
pp. 227-237. 

In the analytical table on p. 228 the Chalicotheriidce are differentiated from the 
Paleeotheriidce by having tubercles on the inner part of the crown of the superior 
molars, while the latter have cross-crests. 

Lydekker, Richard —“ Molar Teeth and Other Remains of Mammalia.” Memoirs of the 
Geological Survey of India, Series X, 2, p. 64, PI. VIII, figs. 11 and 14. 

The author describes and figures the second phalanx of a Chalicothere under the 
name of Manis sindiensis. 

1881. 

Cope, E. D .—“ Note upon the proposed Classification of the Perissodadyla, to be given by the 
author in the forthcoming Report of the U. S. Agricultural Survey of the Territories of 
Dr. Hayden.” 

American Naturalist, Yol. XIV, p. 197. Lambdotherium brownianum is described 
from Wasatch of Wyoming and referred to the Chalicotheres. 

American Naturalist, Vol. XIV, p. 383. Description of Triplopus cubitalis gen. et 
sp. nov. from Washakie Beds (Eocene); and l. c., p. 389 Triplopus amarorum sp. nov. 
from same formation. 

American Naturalist, Vol. XIV, p. 747. Description of Hyracotherium vortmani 
and If- craspedotum spp. nov. from Wasatch of Wyoming, referred to the Chalico- 
theriidae. 

Bull. U. S. Geol. Survey, Vol. VI, p. 198. Description of Hyracotherium venticolum 
from Wasatch of Wyoming. 

Bull. U. S. Geol. Survey, Vol. VI, p. 199. H. venticolum is referred to Phenacodus. 

American Naturalist, Vol. XIV, p. 746. Description of Lambdotherium popoagicum 
from Wasatch of Wyoming, referred to the Chalicotheriidae. 

Proceedings American Philosophical Society, Vol. XX, p. 182. Description of 
Oligotomus Osbornianus sp. n. from Lower Eocene of Wyoming, referrred to the 
Chalicotheres. 

American Naturalist, Vol. XV, p. 1018. Genus Systemodon erected to receive “Hy¬ 
racotherium ” tapirinum. 

Proceedings American Philosophical Society, Vol. XX, p. 184. Description of 
Systemodon semihians sp. nov. from Lower Eocene of Wyoming. 

[Note. All the species referred in the foregoing papers by Cope to the Chalico- 
theriidse have since been transferred to other families.—W. J. H.] 
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1881. 

Cope, E. D.— “ The Systematic Arrangement of the Order Perissodactyla.” Proceedings of 
the American Philosophical Society, Yol. XIX, pp. 377-403. 

On p. 395 the Chalicotheriidge are given a place between the Tapiridae and the 
Menodontidse, and the following genera are indicated as belonging to the group: 

Europe— Rliagatherium, Propalceotherium, Chalicotherium. 

N. America— Leurocephalus, Palceosyops, Limnohyus, Lambdotherium, Menisco- 
therium. 

Asia— Nestoritherium. 

-“ The Classification of the Perissodactyla.” American Naturalist, Vol. XV, 

p. 340. 

Practically the same paper as the foregoing. 

1882. 

Cope, E. D.— “ Synopsis of the Vertebrata of the Puerco Eocene Epoch.” Proceedings of the 
American Philosophical Society, Yol. XX, pp. 461-471. 

On p. 470 the author describes Meniscotherium tapiacitis sp. nov. 

-American Naturalist, Vol. XVI, p. 522. The genus Ectocion is established for the 

reception of Oligotomus osbornianus. “ If it is not condylarthrous, it must be placed 
in the Chalicotheriidae as the most primitive form.” (Note. Since recognized as 
belonging to the Phenacodontidse.—W. J. H.) 

1883. 

Cope, E. D.—Proceedings of the American Philosophical Society, Vol. XX, p. 443. Manus 
of Hyracotherium venticolum figured. (Note. Now referred to the Equidoe —W. J. H.) 

Schlosser, Max —Jahrbuch der Mineralogie, 1883, ii, p. 164. 

The genus Hyracotherium is discussed. 

1884. 

Marsh, 0. C .—“ Dinocerata, a Monograph of an Extinct Order of Gigantic Mammals.” 

On p. 172 Professor Marsh suggests the descent of Chalicotherium from Diplacodon 
through Brontotherium. 

Petho, J.— “ Ueber die Fossilen Saugetkier-uberreste von Baltavar.” Jahrbuch d. K. 
Ungar. Geol. Anstalt, 1884, pp. 455-464. 

Describes Chalicotherium baltavar ense. 

■ 1885. 

. Cope, E. D.— “ The Vertebrata of the Tertiary Formations of the West. Book I.” Report 
of the U. S. Geological Survey of the Territories by F. V. Hayden, Geologist in charge. 
Vol. Ill, Washington, pp. xxxv+1009, Pis. I-LXXVa. 
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On p. 32 Cope speaks of Macrotherium as an Edentate; on p. 33 he states that the 
remains of Chalicotheres have been found in the White River Beds; on p. 34 he gives 
the horizon of the European Chalicotheres as Tongrian, and on p. 694 he classifies the 
Chalicotheres and gives a table of characters for them. 

1886. 

Lydekker, Richard —“ Catalogue of Fossil Mammalia in the British Museum,” Part III, 
Chalicotherikke, pp. 161-165. 

Dr. Lydekker includes all the Old-World forms under the genus Chalicotherium 
and sinks Anisodon Lartet and Nestoritherium Kaup as synonyms. 

P. 160. Homalodontotherium Huxley is briefly characterized from the dentition. 

- “ Indian Tertiary and Post-tertiary Vertebrata. Part II. The Fauna of the 

Karnul Caves.” Memoirs of the Geological Survey of India, Vol. IV, p. 50. 

The author corrects the reference to the genus Manis of the species described by 
him in 1880, and names it Macrotherium sindiense. 

Schlosser, Max —Zoologischer Anzeiger, Vol. IX, p. 253. 

“ The Chalicotheriidse possibly begin with Ectocion Cope, one of the Condylarthra 
from which Meniscotherium and Hyracodontherium branch off as a Condylarthrous 
side-branch. The Chalicotheres themselves are derived from Lambdotherium. This 
had its origin from a form which may also be regarded as the ancestor of Limnohyus 
and Palceosyops. From Palceosyops arise in succession Diplacodon, Titanotherium, 
and Leptodon.” 

- “ Beitrage zur Kenntniss der Stammes-geschichte der Hufthiere und Versuch einer 

Systematik der Paar- und Unpaarhufer.” Morphologisches Jahrbuch, Vol. XII, pp. 
1-136, Pis. I-VI. 

(An abstract of this paper is given in the Archiv ftir Anthropologie, Vol. XVIII, 
pp. 131-139.) 

1887. 

Cope, E. D .—“ The Perissodactyla.” American Naturalist, Vol. XXI, pp. 985-1007 
and 1060-1076. 

In the “ genealogical tree ” proposed by the author he represents a fine of descent 
from the Hyracotheriince, running in succession through the following families: Chali- 
cotheriidse, Menodontidae, Palseotheriidae, to the Equidse. 

The Chalicotheriidfe according to Cope are related on the one hand to the Lophi- 
odontidce and on the other to the Menodontidce. Cope divides the genera which he 
regards as allied into two categories:—I, those in which the interior cones of the 
superior molars are separate from the external lobes: Ectocion Cope, Epihippus Marsh, 
Leurocephalus S. & O., Palceosyops Leidy, Limnohyus Leidy, Lambdotherium Cope, 
Nestoritherium Kaup; and, II, in which one or both interior cusps of the superior 
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molars are united with the external lobes by cross-crests: Pachynolophus Pomel, and 
Chalicotherium Kaup. 

Cope properly gives warning that the foot-structure of some of these genera is 
unknown, and that therefore there may be doubt as to the correctness of the proposed 
classification. 

1888. 

Osborn, H. F.—“ Chalicotherium and Macrotherium.” American Naturalist, Vol. XXII, 
pp. 728-729. 

Dr. Osborn calls attention in a brief note to the fact that M. Henri Filhol has made 
the remarkable discovery at Sansan that Chalicotherium and Macrotherium are identical, 
and points out that Chalicotherium represents an aberrant form of the Perissodactyla, 

Rutimeyer, L.—Abhandlungen der Schweizerischen Palaontologischen Gesellschaft, 
Vol. XV, pp. 50-52. 

Meniscodon. The writer discusses a tooth found at Egerkingen, which he compares 
with that of Meniscotherium Cope from the Wasatch. 

1889. 

Cope, E. D .—“ The Vertebrata of the Swift Current River, II.” American Naturalist, 
XXIII, pp. 151-155. 

In this brief paper Cope describes the mandibular symphysis and a part of the left 
ramus of an adult animal to which he applies the name Chalicotherium bilobatum. 
He then says: 

“ Although this is the first announcement of the discovery of the genus Chalico¬ 
therium in America, it is not the first discovery. Professor Scott showed me a series 
of superior molars from the Loup Fork formation of Kansas, from the Agassiz Museum, 
which he identified as belonging to this genus. The present species is of larger size 
than the Kansas form and is apparently equal to the C. goldfussi of the Upper Miocene 
of Europe. The occurrence of this form in the Lower Miocene (White River), as well 
as the Upper Miocene (Loup Fork) of this country, is a noteworthy fact, but is parallel 
to its history in Europe. Described from the Upper Miocene by Kaup, it was after¬ 
wards found in the Middle Miocene (C. grande) by Lartet, and in the Upper Eocene 
(C. modicum ), by Gaudry. 

The remarkable character of this genus, as discovered by Filhol, has already been 
mentioned in the Naturalist . 4 It has little relation to the family of Perissodactyla 
to which it has given the name, and which it so resembles in molar dentition. It must 
form a family by itself, and the genera with which it has been associated must form a 
family to which the name Lambdotheriidae may be applied. The anterior ungual pha¬ 
langes of Chalicotherium are of prehensile character and not ungulate, but rather unguicu- 
late. The phalanges resemble those of the Edentata, but the carpus and tarsus are, 
4 Osborn on Chalicotherium, and Macrotherium, 1888, p. 728. 
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according to Filhol, diplarthrous in structure, while the Edentata are taxeopodous. We 
have in the Chalicotheriidse the antithesis of the Condylarthra. While the latter is ungu¬ 
late with an unguiculate carpus and tarsus, the former is unguiculate with an ungulate 
(diplarthrous) carpus and tarsus. Thus the Chalicotheriidae must be referred to a 
distinct order of unguiculate mammalia, which I propose to call the Ancylopoda, with 
the above definition. Two genera belong to the single family, the Chalicotheriidee, 
viz., Chalicotherium Kaup, and Ancylotlierium Gaudry. In the former, the phalanges 
are distinct; in the latter the first and second are coossified (Lydekker). Marsh did 
not show how his genus Moropus differs from Ancylotherium. The species described 
by Marsh under this name are from the Loup Fork bed of Kansas.” 

-- “ The Edentata of North America.” American Naturalist, Vol. XXIII, 

pp. 657-664. 

Pouchet, G., et Beauregard, H .—“ Traite d’Osteologie Comparee.” 

On p. 204 the writers say: “ Le passage entre les Lophiodontes et les Palseotherium 
est etabli par les Chalicotherides, qui, tout en possedant les memes caracteres digitaux, 
out une dentition plus equine; en effet les deux tubercules externes sont separes par 
un sillon vertical et les molaires inferieures etablissent le passage entre le type quadri- 
cuspide des genres anciens et la forme a double croissant des Palaiotherium et des che- 
vaux actuels.” 

1890. 

Filhol, H.—“ Etudes sur les Mammiferes Fossiles de Sansan.” Bibliotheque de l’Ecole, 
des Hautes Etudes. Section des Sciences Naturelles, Tome XXXVII, pp. 1-319, 
PI. I-XLVI. 

On pp. 294-305, the author gives an account of Chalicotherium magnum Lartet, of 
which he regards Macrotherium sansaniense Lartet as a synonym, and devotes Plate 
XLIII to the restoration of the animal and Plates XLIV-XLVI to drawings of portions 
of the skull and feet. The evidence for the identity of the two genera hitherto regarded 
as distinct is given in detail. 

Scott and Osborn —“ Preliminary Account of the Fossil Mammals from the White River 
and Loup Fork Formations Contained in the Museum of Comparative Zoology.” Bulletin 
of the Museum of Comparative Zoology, Vol. XX, No. 3, 1890, pp. 65-100. 

(The Perissodactyla were described by H. F. Osborn.) On p. 99 Moropus Marsh 
is treated as a synonym of Chalicotherium Kaup. A fragment of a right superior 
maxillary, doubtfully referred to Chalicotherium datum Marsh, is described and figured. 

Steinman (Gustav) and Doderlein (Ludwtg) —“Elemcntc der Paleontologie,” pp. xix+ 
848, 1030 figures in the text. 

At p. 776 there is a brief account of the Chalicotheres. 
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1891. 

Ameghino, Florentino —“ Determination de algunos jalones para la Restauracion de las 
anliguas conexiones del Continente Sud Americano.” Revista Argentina de Historia 
Natural, Vol. I, pp. 282-288. 

Cope, E. D .—“ On Vertebrata from the Tertiary and Cretaceous Rocks of the Northwest 
Territory. I. The Species from the Oligocene or Lower Miocene Beds of the Cypress 
Hills." Geological Survey of Canada. Contributions to Canadian Paleontology, 
Vol. Ill, pp. 1-25; Pis. I-XIV. 

The author redescribes Chalicotherium bilobatum Cope. 

- “ The Litopterna.” American Naturalist, Vol. XXV, pp. 687-693, PI. XVII. 

“ The teeth of the Astrapotheriidse (Homalodontotheriidse) are rhinocerotic, with 
straight outer walls.” 

Deperet, Charles —Bulletin de la Societe Geologique de France (3), Vol. XIX, p. xxx. 

This paper contains an announcement of the discovery at Grive-Saint-Alban (Isdre) 
of portions of the limb bones and feet of a skeleton of a huge edentate, closely resem¬ 
bling Macrotherium sansaniense Lartet, for which as a local race M. Deperet proposes 
the name rhodanicum. The principal interest of the discovery is stated by M. Deperet 
to consist in the fact that associated with the remains classified as belonging to Mac - 
rotherium was a skull belonging to a large Chalicotherium, a creature supposed to be 
related to Rhinoceros and Anoplotherium, which M. Filhol has been disposed to regard 
as identical with Macrotherium in consequence of his researches at Sansan. M. Deperet 
points out that the teeth attributed by Gervais to Macrotherium (Zool. et Pal. Fr., 
PI. 43, figs. 1-2) are not those of that animal, but the worn roots of the molars of a 
mastodon, and that, unless the identification of Chalicotherium and Macrotherium pro¬ 
posed by Filhol holds, the teeth of Macrotherium are unknown. 

Filhol, H.—“ Etudes sur les Mammiferes Fossiles de Sansan.” Annales des Sciences 
Geologiques, Tome XXI, pp. 1-319, PI. I-XLVI. 

This is a reprint of the article published in 1890 in the “ Bibliotheque de l’Ecole 
das Hautes Etudes, Tome XXXVII, the type, pagination, and plates being identically 
the same. 

Major, Charles Immanuel Forsyth, and others —“ Samos. Etude Geologique, Pale- 
ontologique, et Botanique.” Lausanne. 4to. Privately printed. ' 

On pp. 90-94 the author gives an account of the chalicotherine remains found at 
Mitylini, consisting of superior and milk-dentitions and some foot-bones. The opin¬ 
ions of preceding writers are reviewed. 

Osborn, H. F.—“ Meniscotheriidce and Chalicolhenoidea.” American Naturalist, Vol. 
XXV, p. 911. 

The author calls attention to the resemblance between the dentition of Mehisco- 
fherium Cope and Chalicotherium Kaup, and suggests the distant relationship of the 
two genera. 
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(Noticed by Schlosser in Archiv fur Anthropologie, Bd. XXIII, Appendix, “ Ver- 
zeicliniss der Anthropologischen Literatur,” p. 136.) 

Rutimeyer, L.—Abhandlungen der Schweizerischen Palaontologischen Gesellschaft, 
Vol. XVIII, pp. 10-12. 

Meniscodon picieti Rutimeyer. 

The author repudiates the identification of Meniscodon with Meniscotherium, made 
by Trouessart, Annuaire Geol. Universel, Vol. VI, 1889, p. 683, and gives the specific 
name picteti to that tooth described and figured by him in 1888. 

Scott, W. B.— “ The Princeton Scientific Expedition of 1891.” Princeton College Bulletin, 
Vol. Ill, pp. 88-91. 

The author announces that remains of Chalicotherium occur near Rabbit Creek 
on the east side of Smith River in Montana. 

1892. 

Cope, E. D.— “ Professor Marsh on Extinct Horses and Other Mammalia.” American 
Naturalist, Vol. XXVI, pp. 410-12. 

A critique of Prof. Marsh’s paper published in Amer. Journal of Science, 3d Ser., 
Vol. XLIII, p. 445 et seq. 

The author claims that the reference of Meniscotherium to the Condylarthra made 
in 1885 is correct, as shown by an examination of the figures of the feet of Hyracops 
Marsh, and repudiates the necessity for the erection of the order Mesodactyla proposed 
by Marsh. 

Deperet, Charles— “ La Faune des Mammiferes Miocenes de la Grive Saint-Alban 
(Isere).” Archives du Museum d’Histoire Naturelle de Lyon. Tome V, pp. 1-95, 
Pis. I-IV. 

A very important and useful paper, in which the Chalicotheres of France are given 
revisional treatment in the light of the important discoveries as to their osteology 
made by Filhol and the author. 

Earl, C.— “ A Memoir upon the Genus Palceosyops Leidy and its Allies.” Journal Academy 
Natural Sciences of Philadelphia, Vol. IX, pp. 267-388, Pis. X-XIV. 

On pp. 276 there is a reference to the American Chalicotheres. 

Marsh, 0. C.—“ A New Order of Extinct Eocene Mammals (Mesodactyla).” American 
Journal of Science, 3d Ser., Vol. XLIII, p. 445 et seq. 

The author, admitting the more or less evident similarity between the dentition 
of Meniscotherium Cope and Chalicotherium Kaup, decides from the study of the feet 
that the former genus and the genus Hyracops should constitute a separate order, to 
which he gives the name Mesodactyla. The feet are unlike those of any known ungu¬ 
lates, and “ resemble those of Carnivores or the early Primates.” 

Osborn, H. F.— “ Is Meniscotherium a Member of the Chalicotheriodea?” American 
Naturalist, Vol. XXVI, pp. 506-509. 
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The author states that the publication of the complete foot structure of Menis- 
cotherium or Hyracops by Marsh tends to confirm the supposition advanced by him 
in the American Naturalist, Vol. XXV, p. 911, that Meniscotherium and the Chal- 
icotheriodea are related, and reproduces the figures of the feet of Hyracops given by 
Marsh and of Chalicotherium (Macrotherium ) given by Gervais. Dr. Osborn states 
that the resemblances between the two forms are “ fundamental” and that Menisco¬ 
therium “ will probably be removed from the Condylar thra, where it has always held 
an anomalous position, and be placed in the Chalicotheriodea.” 

-— “ The Ancestry of Chalicotherium.” Science, Vol. XIX, p. 276. 

1893. 

Dean, Bashford — “ Report of a Meeting of the Biological Section of the New York Academy 
of Sciences held Feb. 13, 1893.” Anatomischer Anzeiger, VIII, April, 1893, p. 368. 

“ H. F. Osborn described the foot of Artionyx, the new member of the order Ancy- 
lopoda Cope. It is distinguished from Chalicotherium by the character of ankle and 
pes, which present a marked resemblance to the Artiodactyla, while Chalicotherium 
represents these structures as found in Perissodactyla. Both genera are ungulate in 
ankle-joint, but the phalanges terminate in claws, and in view of the double parallelism 
between these two forms and the two sub-divisions of Ungulata, it was suggested to 
divide the Ancylopoda into the Artionychia and Perissonychia.” 

Osborn, H. F., and Wortman, J. L.—“ Artionyx, a New Genus of Ancylopoda.” Bulletin 
American Museum of Natural History, Vol. V, pp. 1-18. 

Artionyx is a synonym of Agriochcerus ( cf. W. B. Scott, 1894). 

Osborn, H. F.— “ The Ancylopoda, Chalicotherium and Artionyx.” American Naturalist, 
Vol. XXVII, pp. 118-133. 

The author relates the story of the recent discoveries of Filhol and Deperet in 
France, gives a modified restoration of Chalicotherium, following Filhol and Deperet, 
but representing the feet somewhat more as they are in the Perissodactyla and not 
plantigrade as represented by the French naturalists. The apparent relationship 
between Meniscotherium and Chalicotherium is noted, and attention is called to the 
discovery of Artionyx gaudryi announced in the Bulletin of the American Museum of 
Natural History for February, 1893, and the subdivision of the Ancylopoda into the 
suborders Perissonychia and Artionychia is proposed. 

Osborn, H. F.— ■“ The Rise of the Mammalia in North America. Address by Henry Fair- 
field Osborn, Vice-President of the American Association for the Advancement of Science, 
Section of Zoology, Madison, Wisconsin, Aug. 17,1893.” Studies from the Biological 
Laboratories of Columbia College, Zoology, Vol. I, No. 2. 

On p. 43 the author accepts the ordinal name Ancylopoda proposed by Cope, and 
briefly reviews the knowledge of the subject at that time possessed. He throws out 
the suggestion that Agriochcerus Leidy, the identity of which with the recently proposed 
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genus Artionyx Osborn & Wortman has been demonstrated by Scott, may be a highly 
specialized Artiodactyl, and Chalicotherium a highly specialized Perissodactyl. 

(This paper with certain omissions was also published in the American Journal of 
Science, Series III, Vol. 46, pp. 379-392, and 448-466.) 

Scott, W. B .—“ The Mammals of the Deep River Beds.” American Naturalist, Vol. 

XXVII, p. 659. 

The author cites a species of Chalicotherium as found in the upper strata of this 
formation. 

Zittel, Karl A .—“ Handbuch der Palceontologie,” Band IV, “ Saugethiere.” 

On p. 26 the author gives a figure of the right forearm of Ancylotherium. On p. 205 
figures are given of the fore and hind feet of Hyracops Marsh (Meniscotherium Cope) 
and of Dendrohyrax. Meniscotherium is referred to the Condylarthra Cope ( Meso- 
dactyla Marsh), under the family Meniscotheridce. On p. 309 the Chalicotheridoe are 
recognized as the Seventh Family in the Ol der Perissodactyla. 

The following translation of the pages of Zittel, which relate to the Chalicotheroidea, 
was made by the writer on Oct. 9, 1907, and is here given, as up to the present time 
no English translation of the Fourth Volume of Zittel's work in its original or revised 
form has appeared: 

Family Chalicotherid.e. 


Nasals long, projecting freely. 


formula I. C. 


Pm. 


Narial openings short. Orbits open behind. Dental 
Incisors and canines weak or altogether wanting. 


M.§ 


Upper premolars simpler than the molars, and possessing an inner cusp. Upper molars 
with W-shaped outer wall and two conical inner cusps. The lower molars formed of two 
V-shaped crescents, the inner ends of the crescents where they come together developing 
into two pointed minute tubercles. M 3 without a talon. The fore and hind feet three- 
toed, plantigrade, the unguals deeply cleft, strongly curved, claw-shaped. The third 
trochanter of the femur slightly developed. 

This family, which is widely distributed in Europe, Asia, and America, is composed 
of genera of considerable size, the dentition of which reveals marked similarity to that 
of the Meniscotheridce and the Titanotheridoe. Incisors and canines are still present 
in the older forms, but in Chalicotherium are partially or wholly aborted. There is a 
diastema between the canines and the cheek-teeth. The skull most nearly compares 
with that of Palceosyops and Broniotherium , the nasals project freely, and are smooth, 
without bony rugosities on the upper surface. The frontal region is broad, the occiput 
low; the auditory bullae are cylindrical. The three-toed fore and hind feet and other 
portions of the skeleton which occur at Pikermi, Sansan, and Grive-St.-Alban mingled 
with the fragments of the skulls and teeth of Chalicotherium and Macrotherium differ 
so greatly from those of other Perissodactyls that they were assumed to be the remains 
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of edentates by Cuvier, Kaup, Lartet, Gaudry, and Gervais, and were by them referred 
to independent genera. The ulna and radius, however, are much more like those of 
Diplacodon and Palceosyops than those of the Edentata. The humerus is remarkable 
by reason of the weak development of the deltoid crest, being thus differentiated from 
the Titanotheridse as well as from the Edentates. The entepicondylar foramen which 
is characteristic of most Edentates is wanting. The carpus in the proximal row has 
four and in the distal row three bones. The trapezium and metacarpal V are obsolete. 
A coossification of two of the carpals, which is common in the Edentata, does not 
occur. Me II is the shortest, nevertheless quite as thick as the two outer metacarpals 
of which Me IV attains the greatest length; their distal articulating extremities are 
strongly convex and articulate with the first phalanges by a simple groove, which 
more particularly in the case of the outer digits lies almost entirely upon the superior 
surface of the bone. The distal articulating extremities of the first phalanges are, 
like the two which succeed them, deeply excavated in the middle, bipartite, and un¬ 
usually large, so that the digits were capable of being strongly bent backward even to 
the extent of partially covering the metacarpals. With this form of articulation, 
which strongly recalls that occurring in the Edentata, is united the deep fission of the 
terminal phalanges, much more like the claws of sloths than of ungulates, though re¬ 
sembling the cleft hoofs of the Typotheridae and the Hyracoids among the Ungulata. 
The hind limbs are shorter than the fore limbs. The pelvis is unknown. The femur 
has an exceedingly weak third trochanter situated high up upon the shaft. The 
tibia and fibula are separate. The calcaneum is characterized by a very strong sus¬ 
tentaculum and broad articulating surfaces for the low astragalus, the distal truncated 
facets of which rest upon the navicular and in part upon the cuboid. The tibial 
trochlea of the astragalus is moderately arched and only feebly concave. The three 
metatarsals are noticeably shorter than the metacarpals; the phalanges are formed like 
those of the fore foot. 

The Chalicotheridse in their dentition and the structure of the skull show close 
affinity to the Titanotheres, but are strongly differentiated from them by the form 
of the highly mobile digits adapted to grasping, and by the deeply cleft, curved, and 
clawlike terminal phalanges. This structure of the feet induced Cuvier, Kaup, Lartet, 
Gaudry, and Gervais to attribute the foot bones, which they described under the 
generic names Macrotherium, Ancylotherium, Schizotherium, and Pernatherium, to the 
Edentata, assigning these genera a place near the genus Manis, in spite of the fact 
that the carpus and the tarsus have preserved the typical features of the corresponding 
portions of the Perissodactvla. Cope regards the Chalicotheridae as forming a distinct 
order (Ancylopoda) , but they most probably only represent a highly specialized offshoot 
of the Perissodactvla. Osborn regards them as descended from the Meniscotheridce, 
with which both in dentition and skeletal structure they show numerous resemblances. 
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They were without doubt ungainly plantigrades, capable of using their anterior feet 
for scraping and grasping. 

Their geological distribution extends from the upper Eocene to the Pliocene. 

Schizotherium Gervais (Zool. and Pal6ont. Gen. II, p. 58). The genus was founded 
upon the phalanges and metapodials of a small Chalicothere from the phosphorites of 
Quercy. ( Schiz . priscum Gaudry, sp.) In the same deposits are found teeth which 
were described by Gaudry as Chalicotherium modicum, but which in all probability 
belong to the same species. 

? Pernatherium Gervais (Journal de Zoologie, V, p. 424). Only a calcaneum, a 
metatarsal, and a few fragments of other bones exist. Eocene (Calcaire de St. Ouen), 
Paris. 

? Limognilherium Filhol (Compt. Rendus Hebd. 1880, p. 1580). Only large meta- 
carpals about 0.18 m. in length are known. Upper Eocene. (Quercy Phosphorites). 

? ? 

Macrotherium Lartet ( Anisodon Lartet). Fig. 252. Dental formula I. j,, C. 




Skull with a weak sagittal crest, the parietals converging, not flattened, 


frontals bordering the orbits which are only partially surrounded by a bony ring. 
The occipital condyles moderately produced and on the under side of the skull 
extended somewhat forward. Auditory bulla 1 strongly inflated, having the form of 
a bent cylinder. The mastoid process strongly developed. The mandible very high, 
straight on its lower edge, like Palceosyops, the hind margin of the ascending ramus 
without a forward projection. Upper incisors and canines are not known. The 
molar series increasing in size posteriorly. The breadth of the three upper pre¬ 
molars exceeds their length; the outer wall of the two anterior premolars shows one 
cusp, P 4 two cusps; on the inner side all the premolars have but one large inner cusp, 
which sends forth behind to the outer wall a crescentic ridge. The three molars 
are quadrate with a W-shaped outer border, a large anterior and a small posterior 
inner cusp. The mandible has three incisors and a canine, which are closely grouped 
together. The last premolar and the molars of the lower jaw consist of two bluntly 
curved crescents, which unite on the inner side in two separate, slightly thickened 
points. P 3 has one somewhat lengthened and compressed sharpened cusp. Middle 
Miocene of Sansan (Gers), Bon Repos and St. Gaudens (Haute Garonne), Grive-Saint- 
Alban (Isere), Haeder in Southern Bavaria and Steinheim, Wtirttemberg (M. grande 
Lartet); also in the lower Miocene in the neighborhood of Ulm ( M . [Chalicotherium] 
Wetzleri Kowalewsky). 

At Sansan and Grive-Saint-Alban there were found skeletal remains, which were 
originally described as Macrotherium sansaniense Lartet, but which according to Filhol 
and Depcret undoubtedly must be regarded as remains of the skull and teeth of 
Anisodon Lartet. The bones of the feet possess essentially the same characteristics 
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as those of Ancylotherium, though the deeply divided terminal phalanges are more hoof¬ 
shaped and less claw-like. The articular surface of the first phalanges at their proxi¬ 
mal end terminates abruptly and is not advanced on the anterior extremity as much 
as in Ancylotherium. The fore limbs of Macrotherium are considerably longer than 
the hind limbs; the humerus is longer and not so stocky as in Ancylotherium and without 
an olecranal fossa. The ulna and radius are slender; the olecranon of the ulna short. 
The carpus is composed of two series of moderately elongated bones, the os magnum 
larger than in the case of Ancylotherium, articulating with the lunar and the scaphoid. 
The tibia is only half as long as the radius. The calcaneum has a strongly developed 
sustentaculum, the astragalus is distally truncate, very low and broad, th e anterior 
and upper articular condyle weakly furrowed. The navicular and cuboid are 
low. The metatarsals are only half as long as the metacarpals and like the latter 
increase in diameter from within outwardly. 

Chalicotherium Kaup ( Nestoritherium Kaup, Ancylotherium Gaudry). Figs. 253, 
0 0 3 3 

254. Dental formula I. C. Pm. gi M. g. The cheek-teeth both above and 

below increase in size from before backwards. The upper molars are very like those 
of Palceosyops; the W-shaped outer wall consisting of two V-shaped eminences; both 
inner cusps are conical, the posterior cusp decidedly weaker than the anterior, and 
generally united with the outer cusp by a narrow crest. The upper premolars are smaller 
and simpler in structure than the molars, the outer wall lightly indented and only 
an inner cusp being present. All of the three lower molars are formed of two V-shaped 
crescents opening inwardly and at the points where they unite developing two small 
pointed cusps. Incisors and canines are wanting in the upper jaw; the lower jaw 
possesses occasionally a small canine tooth separated from the anterior premolar by a 
diastema; the lower incisors are wanting or are at most very feebly developed. The 
skull is characterized by a short muzzle with the narial openings extending but a short 
distance backwardly; the nasal bones are broad and projecting. The frontals and 
parietals unite to form a broad, smooth, ascending cranium without sagittal crest; 
the very stout zygoma has its origin far back; the orbits are small and not enclosed. 
The symphysis of the mandible is short and thin. Upper Miocene. Ch. goldfussi, 
Kaup (Eppelsheim near Worms and Siebenhirten near Vienna), Ch. pachygnathus 
Wagner (Pikermi), Ch. baltavarense Petho (Baltavar, Hungary), Ch. sivalense Falc. 
(Siwalik Hills), Ch. sinense Owen (China). 

At Eppelsheim, Pikermi, and on the Island of Samos a number of different bones of 
Chalicotherium have been found which hitherto have generally been regarded as the 
remains of Edentata. Cuvier designated a claw-like phalanx from Eppelsheim as 
Pangolin ( Manis ) gigantesque. Similar phalanges and nearly complete extremities 
were described by Gaudry, Lartet, and Hensel from Pikermi as Ancylotherium. The 
fore and hind limbs of Chalicotherium (Ancylotherium) are robust, nearly of equal length, 
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and possessed of three digits. The humerus is robust, with a comparatively weakly 
developed deltoid crest, at the distal end somewhat broadened transversely, with a deep 
olecranal fossa and a well developed epicondyle. The radius and ulna are scarcely longer 
than the fore arm, of nearly equal size, like TapiruSj Diplacodon, and Brontotheriurrij 
closely appressed and at the distal end coossified. The carpus has four bones in the 
proximal series, three in the distal series which are short. The os magnum in front 
is unusually small, nevertheless behind it increases in size, articulating above with 
the scaphoid and the lunar. The unciform is very large, articulating to nearly an 
equal extent with the cuneiform and the lunar. The trapezoid lies under the 
scaphoid; its upper articulating surface is hemispherical and unites behind with 
the lower facet, so that the scaphoid is able to glide upon the upper articular 
surface of the second metacarpal which is produced behind. The three meta- 
carpals have almost an equal development, their distal articulating extremities 
being without a median keel On the second phalanges the distal articulating surface 
is almost wholly confined to the upper surface of the bone, and thereby reveals the 
fact that the strong, claw-shaped, crooked, and deeply divided terminal phalanges 
were capable of being strongly bent upward. The excavated proximal articulating 
surfaces of the terminal phalanges are strongly keeled in the middle. A complete 
coalescence of the first two phalanges (probably of the outer finger) has been observed 
by Gaudry. The femur is like the humerus in length, without a third trochanter. 
The tibia is very strong, scarcely shorter than the radius. The fibula is probably 
wholly separate. The tarsus is low and broad. The calcaneum possesses a moder¬ 
ately elongated tuberosity, distally truncate, the two facets for the astragalus being 
large. The cuboid is low. The navicular is truncate above, plane. The ectocunei- 
form is very broad, the mesocuneiform small. The three metatarsals are shorter 
than the metacarpals, the one in the middle being the longest. The phalanges are 
formed as in the fore foot, with the exception that the terminal phalanges are somewhat 
more massive and less deeply divided. 

Moropus Marsh. (American Journal Science, Third Series, Vol. XIV, pp. 249, 362.) 
Fig. 255. This genus was originally erected by Marsh upon foot bones derived from 
the upper Miocene of the John Day in Oregon (M. distans and senex Marsh), and was 
referred to the Edentata. A third species occurs in the lower Pliocene (Loup Fork of 
Nebraska) (M. elatus Marsh). In the John Day deposits as well as in Nebraska 
there occurred together with the bones of the extremities of Chalicotherium teeth 
referable to the species, which in their size correspond to those of Schizotherium 
modicum Gaudry, and are characterized by the fact that the inner cusp of the upper 
premolar is connected with the outer wall of the tooth by two cross-crests. 
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1894. 

Ameghino, Florentino — “Enumeration Synoptique des Especes des Mammiferes Fossiles 
des Formations Eocenes de Patagonie.” Bol. Acad. Nat. Ciencias, Cordoba, Vol. XIII, 
pp. 259-452. 

Ameghino regards the Homalodontotheridce as the ancestors of the Chalicotheriidce 
of Europe and North America. 

Filhol, H.— “ Observations Concernant quelques Mammiferes Fossiles Nouveaux du Quercy.” 
Annales des Sciences Naturelles, Zoologie, Tome XVI, pp. 129-150. 

On pp. 141-150 the author discusses at some length the structure of the manus 
and pes of Schizotherium priscum Gervais, and concludes his paper with the assertion 
that Chalicotherium and Macrotherium are related to the Perissodactyla. 

Scott, W. B.—“ Notes on the Osteology of Agriochcerus Leidy (. Artionyx 0. & W.).” Pro¬ 
ceedings of the American Philosophical Society, Vol. XXXIII, pp. 243-251. 

Dr. Scott shows that the genus Artionyx of Osborn & Wortman is a synonym for 
Agriochcerus Leidy, previously only known from the skull. The proposed suborders 
Perissonychia and Artionychia of the Ancylopoda, to which Agriochcerus is not related, 
must therefore be abandoned. 

1895. 

Osborn, H. F.—Bulletin American Museum Natural History, Vol. VII, p. 98. 

Professor Osborn describes Sphenocoelus uintensis gen. et sp. nov. 

1896. 

Roger, Dr. Otto— “ Verzeichniss der bisher beJcannten fossilen Saugethiere,” p. 196-197. 
Under the suborder Ancylopoda Cope, are cited the following species: 

Schizotherium priscum Gaudry, Syn. C. modicum Gaudry?; Pematherium sp. 
Gervais; Limognitherium ingens Filhol; Macrotherium grande Lartet, Syn. “Pan¬ 
golin gigantesque ” Cuvier; Anoplotherium grande Lartet; Anisodon magnum Lartet, 
Macrotherium giganteum Cuvier, Macrotherium sansaniense Lartet, Chalicotherium 
anisodon Blainville; Macrotherium wetzleri Kowalesky, Syn. Anisodon schinzii von 
Meyer; Chalicotherium antiquum Kaup, Syn. Anisodon minus Lartet; Chalicotherium 
goldfussi Kaup; Chalicotherium pachygnathum Wagner, Syn. M. pentelici Roth & 
Wagner, Ancylotherium pentelici Gaudry, Chalicotherium wagneri Schlosser; Chali¬ 
cotherium baltavarense Petho; Chalicotherium sivalense Falconer and Cautley, Syn. 
Nestoritherium sivalense Falconer, Nestoritherium posterigenium Falconer, Manis 
sindiensis Lydekker; Chalicotherium sinense Owen; Chalicotherium bilobatum Cope; 
Moropus distans Marsh; Moropus senex Marsh; Moropus elatus Marsh. 

1897. 

Wortman, Jacob L .—“ The Ganodonta and their Relationship to the Edentata.” Bulletin 
American Museum Natural History, Vol. IX, p. 60. 

The author quotes Marsh in reference to the edentate relationships of Moropus. 


404 


MEMOIRS OF THE CARNEGIE MUSEUM. 


1S98. 

Thouessart, E. L .—“ Catalogus Mammalium tarn, viventium quam Fossilium.” Vol. II, 
pp. 696-G9S. Under the Ungulata as the Fourth Family are given the Chalicotheriidse. 
Five genera are recognized: Schizotherium Gaudry, Pernatherium Gervais, Macro- 
therium Lartet, Chalicotherium Kaup, and Moropus Marsh. 

Limognitherium Filhol is suppressed as a synonym of Schizotherium Gaudry. Ani- 
sodon Lartet is sunk as a synonym, in part of Macrotherium, in part of Chalicotherium; 
Nestoritherium Kaup is sunk as a synonym of Chalicotherium; Ancylotherium Gaudry 
is suppressed as being in part synonymous with Schizotherium Gaudry, and in part with 
Chalicotherium Kaup. Colodus Wagner is treated as in part being synonymous with 
Chalicotherium Kaup. 

1899. 

Matthew, W. 1). —“ A Provisional Classification of the Fresh-water Tertiary of the West.” 
Bulletin American Museum Natural History, Vol. XII, pp. 19-75. 

On p. 58 the author lists Chalicotherium bilobatum Cope from the White River Beds 
under the Ancylopoda; on p. 63 Moropus distans and senex Marsh are listed from the 
John Day Beds under the Perissodactyla, as “ ?Chalicotheriid£e ( aut Edentata) and 
on p. 72 Moropus elatus Marsh is cited as coming from the Loup Fork Beds, and in 
the same manner is referred with doubt to the Chalicotheriidce or the Edentata. 

1904. 

Weber, Max —“ Die Saugethiere, Einfiihrung in die Anatomie und Systematik der Recenten 
und Fossilen Mammalia.” 

On pp. 694-696 the Ancylopoda are briefly characterized as an extinct order, and 
the author apparently is inclined to view with favor the view of Ameghino that the 
Homalodontheriidce (sic) are to be included in the Ancylopoda. The time-honored 
figures of the foot of Macrotherium by Gervais are given, with the figure of the foot of 
Homalodontherium (sic) after Ameghino. 

1906. 

Peterson, 0. A.—“ The Miocene Beds of Western Nebraska and Eastern Wyoming and Their 
Vertebrate Fauna.” Annals of the Carnegie Museum, Vol. V, 1906, pp. 60-63. 

The- genus Moropus is here placed on a firm foundation by comparing specimens 
recently acquired by the Carnegie Museum with the types of Moropus. 

1907. 

Peterson, O. A .—“ Preliminary Notes On Some American Chalicotheres.” American 
Naturalist, Vol. XLI, December, 1907, pp. 733-752, figs. 1-26. 

In this paper, on page 735, for the first time the type material of Moropus distans, 
senex, and elatus is illustrated. Specimens from the Agate Spring Fossil Quarries, 
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obtained by the Carnegie Museum, are also figured on the same page, in order to show 
some of the more distinctive characters of Moropus elatus. The paper gives a brief 
survey of the osteology of the genus and concludes by referring it to the Perissodactyla. 

1908. 

Holland, W. J .—“ A New Species of the Genus Moropus.” Science, N. S., Yol. XXVIII, 
pp. 809-810. 

Moropus petersoni is briefly characterized and compared with Moropus elatus. 

Pilgrim, Guy E.—Records of the Geological Survey of India, Yol. XXVII, p. 156. 

Macrotherium naricum sp. nov. is described from the Tertiary of Baluchistan. 

Barbour, Erwin H.—Nebraska Geological Survey, Publication III, Part II, p. 1. 

Moropus cooki sp. nov. is described. 

1909. 

Barbour, Erwin H.—Nebraska Geological Survey, Publication III, p. 217. 

Moropus parvus is named and described. 

1910. 

Gregory, W. K.—“ The Orders of Mammals.” Bull. Amer. Mus. Nat. Hist., Vol. XXVII, 
pp. v+524. 

On pp. 397-400 Dr. Gregory epitomizes what is known as to the Chalicotheroidea 
and states that the view of Osborn and Peterson that the Chalicotheres are an aberrant 
family of the Perissodactyls is apparently justified. 

Pilgrim, Guy E .—“ Notices of New Mammalian Genera and Species from the Tertiaries of 
India.” Records of the Geological Survey of India, Vol. 40, pp. 634-640. 

The genus Phyllotillon is erected for the reception of Macrotherium naricum Pilgrim. 

1911. 

Merriam, J. C .—“ Tertiary Mammal Beds of Virgin Valley and Thousand Creek, North¬ 
western Nevada.” University of California Publications, Bulletin of the Department 
of Geology, Vol. VI, 1911, pp. 267-271. 

A number of fragments of teeth and footbones of the Chalicotheres are referred to 
Moropus, and the correlation of the strata of the Virgin Valley with the Lower Harrison 
Beds is suggested. 

Schlosser, Max —“ Grundzitge der Paldontologie.” Zittel. Second and Revised Edition, 
edited by Schlosser. 

Abth. II, p. 467, Schlosser makes the Chalicotheriidce the Fifth Family of the Peris¬ 
sodactyla, and modifies certain statements made in the First Edition by Zittel in the 
light of later information. 
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1913. 

Osborn, H. F .—“ Eomoropus, An American Eocene Chalicothere.” Bulletin American 
Museum Natural History, Vol. XXXII, pp. 201-274. 

The author erects a new genus for the reception of Triplopus amarorum Cope, which 
he classifies as a Chalicotheroid. 

Peterson, 0. A .—“ A New Species of Moropus (M. hollandi) from the Base of the Middle 
Miocene of Western Nebraska Science, N. S., Vol. XXXVIII, p. 673. 

NOTE. 

Since this memoir has passed through the press a careful reexamination of the 
scapula doubtfully referred by us to the genus Moropus (see p. 230 and fig. 77 on 
p. 332) has led us to the conclusion that its identification with Moropus is in error. 

It may in passing be said that the dotted line in figure 77 has been started by 
the artist a little too high up on the supra-scapular border. 

While we hesitate to affirm that it is the scapula of a Titanothere, it neverthe¬ 
less more nearly resembles that element as found in the representatives of this 
family occurring in the lower Oligocene. The discovery of the remains of a Titano¬ 
there in the upper beds of the lower Miocene is, in view of what has hitherto been 
known as to their distribution, surprising, to say the least. 

CORRIGENDA. 

P. 205, 14th line from top for Phillotillon read Phyllotillon. 

Pp. 207 and 217. For pentelicum read pentelici. 

Plate LXVIII, fig. 1. Through an error of the draughtsman the sesamoid is repre¬ 
sented with its heavy end upward, the reverse of its true position, which is correctly 
shown on Plate LXIX, fig. 1. 
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Plate XLVIII. 



Superior, Lateral, and Palatal Views of Skull of M . elatus (No. 2103). X j 







Memoirs Carnegie Museum, Vol. III. Plate XLIX. 



Palatal View of Skull of Moropus elatus Marsh (No. 2103). X5. Drawn by S. Prentice. 
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Lateral and Superior Views of Skull of M. elatus (No. 2103) 
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Lateral and Superior Views of M. petersoni, juv. (No. 1707). XV Showing Milk-Dentition, and First and Second 

Permanent Molars. 
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Mandible of M . elatus (No. 1604). Xi 







Memoirs Carnegie Museum, Vol. III. Plate LI 11. 



Left Lateral View of Skull of M. elatus (No. 2103) as Restored by W. J. Holland. 
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Anterior View of First Sacral Vertebra. (No. 1704 C. M. Cat. Vert. Foss.) About f nat. size. 
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Plate LV. 



Superior View of Sacral Vertebrae (No. 1704). About f liat. size 
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Plate LVI. 



Inferior View of Sacral Vertebras (No. 1704). About f nat. size, 
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Plate LV1I 



Lateral View of Sacrum of M. elatus (No. 1704). Xj. 
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X 


Lateral View of Pelvis of M . elatus (No. 1706). 
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Plate LIX. 
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Plate LX. 
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Plate LXI. 



Pelvic Girdle of M . elatus Marsh. 1. Anterior View; 2. Posterior View. 
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Plate LXII. 



Ribs 1-5 of M . elatus (No. 1604), Right Side. About One-Fourth Nat. Size 
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Plate LXIII. 



Ribs 6-10 of M . elatus (No. 1604), Right Side. About One-Fourth Nat. Size. 
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Plate LX1V. 



Ribs 11 15 of M . elatus (No. 1G04), Right Side. About One-Fourth Nat. Size. 
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Plate LXV. 



Scapula of M . elatus Marsh (No. 1604). Xf 
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Plate lxvi. 



Ulnar and Anterior Views of Humerus of M . elatus (No. 1604). X§. 
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Plate LXVII. 



Anterior and Ulnar Views of the Ulna-Radius of j\I. elatus (No. 1604). X|. 
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Manus of M . elatus (No. 1604). Xi 1. Ulnar View; 2. Anterior View. 
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Manus of M . elatus (No. 1604). Xj. 1. Radial View; 2. Palmar View. 
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Plate LXX. 



Fibular and Anterior Views of Left Femur of M . elatus (No. 1604). X§. 

1. Fibular Side; 2. Anterior View of Do. 
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Plate LXXI. 



Posterior, Anterior and Lateral Views of Left Patella; Anterior and Fibular Views of 
Left Tibia and FibulaJof M . elatus (No. 1604). 
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Right Pes of M . elatus (No. 1604). X j. 1. External View; 2. Anterior View. 
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Mounted Skeleton of M . elatus in the Carnegie Museum. (Viewed from the Right Side. About One-Fifteenth Natural Size.) 
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Mounted Skeleton of M . elatus in the Carnegie Museum. (View of the Left Side from Behind. About One-Fifteenth 

Natural Size.) 
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Pi ate LXXV. 



Mounted Skeleton of M . elatus jn the Carnegie Museum. (Viewed from the Kight Side in Front. About 

One-Fifteentii Natural Size.) 
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Plate LXXVl. 



Mounted Skeleton of M . elatus in the Carnegie Museum. 
(Viewed from Directly in Front.) 
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Model of M . elatus Prepared by Theodore A. Mills under the Direction of W. J. Holland and 0. A. Peterson. (About One-Fifteenth 

Natural Size.) 
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Agostini, S., 197 
Agriochoerus, 397, 403 
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Alfaro, Sr. Don Anastasio, 3, 11 
Alonzo, D., 7 

amarorum, Triplopus, 201, 205, 216, 378; 

Eomoropus, 216 
ambigua, Amphictis, 387 
Ameghino, Florentino, 395, 403 
Amphictis ambigua, 387 
Ancylotherium gaudryi, 390; pentelici, 386, 
387; priscum, 386, 387 
Ancylopoda, 200, 397, 404 
Ancylotherium, 207, 210, 221, 382, 394, 
399, 401; A. pentelici, 403 
Anderson, John A., 197 
Anisodon, 392, 400, 404; magnum, 403; 

minus, 403; schinzi, 216, 403 
Anoplotherium, 211, 395; grande, 209, 403 
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man, 1-95 

Artefacts of Las Guacas, 92, 94 
Artionychia, 397, 403 
Artionyx, 397, 403; gaudryi, 397 
Arundinaria macrosperma, 54 
Avila, Gil Gonzales de, 4 

Balboa, Vasco Nunez de, 3 
baltavarense, Chalicotherium, 218, 391, 401 
Barbour, Erwin H., 190, 191, 224, 226, 405 
Beauregard, H., 394 
bicornis, Rhinoceros, 239 
bilobatum, Chalicotherium, 218, 395 
Biolley, Professor Pablo, 3 
Bixa orellana, 5 


Boule, Professor M., 196 

Brade, Alfred, 3 

Braida, Count v., 3 

Bransford, Dr. J. F., 10 

Brinton, Professor D. G., 14 

Brontotherium, 391, 398, 402 

Brown, Amos P., 85 

brownianum, Lambdotherium, 214, 390 

Cainotherium, 387 
Cards palseolycos, 387 
Carillo, Don Antonio, 3 
Cautley, P. T., 381 

Ceramic material from Las Guacas, 94 • 
Chalicotheriidse, 203, 216, 246, 352, 403 
Chalicotherium, 199, 202, 206, 391, 393, 
394, 397, 401 

Chalicotherium antiquum, 199, 218, 379; 
baltavarense, 218, 391, 401; bilobatum, 
218, 395; elatum, 394; goldfussi, 211, 218, 
245, 393, 401; grande, 393; minus, 218; 
modicum, 388, 393, 400; sindiense, 218; 
sinense, 218, 401; sivalense, 211, 401; 
wetzleri, 400 

Chalicotherodea, 200, 396, 397 
Chalicotheroidea, 198, 199, 219, 395; Bib¬ 
liography of, 378-406; genera of, 203; 
genera and species formerly referred to, 
213; species of, 215 
chamense, Meniscotherium, 384, 385 
Chiriquians, Culture of, 93 
Circotherium, 202, 248; sivalense, 218 
Clarke, F. W., 86 
Clifford, H. C., 225 
Coelogenys paca, 12 
Coenopus tridactylus, 322 
Coggeshall, A. S., 197 
Colodus, 208, 213, 404 
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compressidens, Cynodictis, 387 
Condylarthra, 398 
Cook, James H.^ 189 
cooki, Moropus, 223, 225, 405 
Cooper, Dr. Don Juan, 3 
Cope, E. D., 384, 389-393, 395-396 
Cordova, Francisco Fernandes, 4 
Costa Rica, Archaeological researches on 
the Pacific Coast of, 1-95 
craspedotum, Hyracotherium, 214 
cunninghami, Homalodontotherium, 385 
Cushing, Professor Frank Hamilton, 13 
Cuvier, Baron Georges, 198, 378 
Cynodictis compressidens, 387 

Dseodon, 213; shoshoniensis, 389 
Davila, Pedrarias, 3, 4 
Dean, Bashford, 397 

De Blainville, Henri Marie Ducrotay, 380, 
381 

Dendrohyrax, 398 

Deperet, Monsieur Charles, 199, 395, 396 

Diceratherium, 322 

Dichobune, 387 

Dinoceras, 256 

Dinohyus, 320 

Diplacodon, 391, 392, 399, 402 
distans, Moropus, 206, 207, 217, 220, 221, 
402 

Doderlein, Ludwig, 394 
Dolichorhinus fluminalis, 238 

Earl, C., 396 
Ectocion, 391, 392 
edwardsi, Pseudfelurus, 387 
elatum, Chalicotherium, 394 
elatus, Moropus, 206, 207, 217, 220, 222, 
224, 225, 233, 247, 248, 250-254, 266- 
268, 271, 274, 278, 285-289, 291-295, 
297, 299, 301-324, 331-333, et passim. 
Entelodon, 256 

Eomoropus, 201, 204, 406; amarorum, 216 
Epihippus, 392 
Equus, 247 

Espinosa, Captain Gaspar de, 3 
Explanation of plates of Memoir I, 96-188 


Fabrega, Professor H. Pittier de, 3 

Falconer, Hugh, 207, 382, 391 

Fernandez, Sr. Don Mauro, 3 

Ferraz, Dr. Juan F., 3, 11, 42 

Fewkes, Dr. J. W., 62, 94 

Filhol, Mons. II., 199, 388, 394, 395, 403 

Fischer, H., 10, 71 

Flint, Dr. Earl, 10 

Flower, William H., 384 

fluminalis, Dolichorhinus, 238 

Ganodonta, the, 403 

Gaudry, Albert, 382, 384, 386, 387, 388, 389 
gaudryi, Ancylotherium, 390, 397 
Gelocus, 387 
Gervais, Paul, 381, 387 
gigantesque, Pangolin, 379, 403 
giganteum, Macrotherium, 209, 218, 388, 
403 

Gill, Theodore N., 199, 383 
goldfussi, Chalicotherium, 211, 218, 245, 
401; Lophiodon, 199 
Gonzales, Gil, 6 

grande, Anoplotherium, 403; Chalicothe¬ 
rium, 393; Macrotherium, 209, 217, 247, 
400 

Gratacap, Professor L. P., 85 
Gregory, W. K., 405 
Guetares, Culture of the, 92, 93 

Harris, Octave, 197 

Hartman, C. V., 54; Archaeological re¬ 
searches on the Pacific Coast of Costa 
Rica, 1-95 

Hermann, Dr. Albert J., 190 
Heye, George G., 3, 43 
Hipposyus, 385 
Holland, W. J., 1, 3, 405 
hollandi, Moropus, 192, 217, 344, 406 
Holmes, Professor W. H., 54 
Homaladotherium, 213 
Homalodon, 213 
Homalodontheriidse, 404 
Homalodontotheridie, 403 
Homalodontherium, 404 
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Homalodontotherium, 213, 392; cunning- 
hami, 385 

Homalodotherium, 383 
Homalotherium, 213 
Huxley, Thomas H., 383 
Hysenodon leptorhynchus, 387 
Hyopotamus, 385 
Hyracodontherium, 392 
Hyracops, 396, 397 
Hyracotheriinse, 392 

Hyracotherium, craspedotum, 214; tapiri- 
num, 215, 390; venticolum, 214, 391; 
vortmani, 214 

ingens, Limognitherium, 389; 403; Schizo- 
therium, 216 

intermedia, (Elurogale, 387 

Jones, Joseph, 43 

Kaup, Johann Jakob, 379, 382 
Keith, John, 3; Minor, 3 
King, Clarence, 389 

Lahmann, Johann Friedrich, 10 
Lambdotherium, 391, 392; brownianum, 
214, 390; popoagicum, 214 
Lartet, Edouard A. I. H., 379, 380 
Las Guacas, Antiquities of the Velasco col¬ 
lection from, 38-92; ceramic material 
from, 94; excavations at; burials, 14-38; 
objects of clay, 35-38; objects of stone, 
33-35; located near the Pueblo of 
Nicoya, 12; objects of jade and other 
green stones of, 85-90; researches in, 3 
Leptodon, 392 

leptorhynchus, Hysenodon, 387 
Leurocephalus, 391, 392 
Limnohyus, 391, 392 

Limognitherium, 203, 400, 404; ingens, 389, 
403 

Litopterna, 395 

Lizano, Sr. Don Saturnino, 3 

Loomis, Professor F. B., 192 

Lophiodon goldfussi, 199; oregonensis, 219 

Lophiomeryx, 387 


Lull, Dr. R. S., 196 

Luz, Martin, 9 

Lydekker, Richard, 390, 392 

macrosperma, Arundinaria, 54 
Macrotheridse, 202 
Macrotheriidse, 386 
Macrotheriinae, 201, 202, 209 
Macrotherium, 202, 206, 210, 238, 242, 247, 
255, 338, 339, 341, 342, 344, 346, 347, 
349, 350-354, 356, 360-363, 365-369, 
372-376, 380, 382, 384, 389, 393, 395, 
398, 399, 401, 403, 404; giganteum, 209, 
218, 388, 389, 403; var. secundarium, 
218; grande, 209, 217, 247, 371, 377, 381, 
400; magnum, 218; naricum, 205, 405; 
pentelici, 207; rhodanicum, 218, 395; 
sansaniense, 218, 394, 395, 400, 403; 
sindiense, 392. 

magnum, Anisodon, 403; Macrotherium, 
218 

Major, Charles Immanuel Forsyth, 395 
Manis, 399; sindiensis, 390, 403 
Marsh, O. C., 388, 391, 396 
Mason, Dr. O. T., 94 
Matarrita, Sr. Don Juan J., 3, 11 
Matthew, W. D., 404 
matthewi, Moropus, 217, 230, 231 
maximus, Moropus, 217, 332, 333, 406 
Meniscodon, 393 
Meniscotheridse, 398, 399 
Meniscotheriidse, 395 

Meniscotherium, 214, 391, 393, 396, 397, 
398; chamense, 384, 385; picteti, 396; 
tapiacitis, 391 
Menodontidse, 392 
Menodus, 389 
Merriam, J. C., 405 
merriami, Moropus, 217, 220, 234 
Merrill, G. P., 86 
Mesodactyla, 396, 398 
Mexico, Objects of jade from, 90 
minus, Anisodon, 403; Chalicotherium, 
218; Paloplotherium, 386 
modicum, Chalicotherium, 388, 393, 400; 
Schizotherium, 216, 402 
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Moropodidae, 221 

Moropodinse, 201, 202, 206 

Moropus cooki, 223, 225, 405; distans, 206, 
207, 217, 220, 221, 226, 227, 229, 233, 
247, 248, 250, 251, 254, 402, 404; elatus, 
206, 207, 217, 220, 222, 224, 225, 266, 

267, 268, 271, 272, 274, 278, 285, 287, 

289, 291, 293, 295, 297, 299, 299, 301, 

302-305, 307-311, 313, 314, 316, 319, 

320-324, 335, 402-405, et passim; hol- 
landi, 192, 217, 344, 405; matthewi, 217, 
230, 231; maximus, 217, 332, 406; mer- 
riami, 217, 344, 405; oregonensis, 217, 
219; parvus, 217, 405; petersoni, 207, 
226, 229, 233, 243, 269, 293, 297, 299, 
301, 302, 304, 205, 307, 308-310, 311- 
314, 316, 320-324, 331, 333, 405, et 
passim. 

Moropus, articulated skeleton of, 376; 
astragalus of, 364; calcaneum of, 366; 
caudal vertebrae of, 319; cervical verte¬ 
brae of, 251; cuboid of, 368; cuneiform of, 
341; deciduous dentition of, 249; dorsal 
vertebrae of, 273; duplex bone of, 359; 
ectocuneiform of, 369; entocuneiform of, 
370; femur of, 361; fibula of, 364; fore¬ 
foot of, 337; fore limb of, 330; head of, 
235; hind foot of, 364; hind limb of, 361; 
humerus of, 334; inferior dentition of, 
247; lumbar vertebrae of, 303; lunar of, 
339; magnum of, 346; mandible of, 242; 
mesocuneiform of, 370; metacarpals of, 
349; metatarsals of, 371; navicular of, 
367; osteology of, 235; patella of, 362; 
phalanges of, 257, 375; pisiform of, 343; 
radius and ulna of, 335; restoration of, 
378; ribs of, 323-329; sacral vertebrae of, 
315; scaphoid of, 337; scapula of, 331; 
sesamoids of manus of, 357; sesamoids of 
the pes of, 375; tibia of, 363; trapezium 
of, 343 

Murchison, Charles, 382 

naricum, Macrotherium, 205; Phyllotillon, 
216 

naricus, Phyllotillon, 205 


Nestoritherium, 206, 207, 242, 244, 339- 
356, 360, 365-369, 371, 374, 391; pen- 
telici, 247, 248, 334, 335, 336, 355, 373, 
376; posterigenium, 403; sivalense, 403 
IN'icova, Discovery and early history, 3; 

Investigations on the peninsula of, 9 
Nuttall, Zelia, 65 

OElurogale intermedia, 387 
Olcott, T. F., 190 

Oligotomus osbornianus, 215, 390, 391 
oregonensis, Lophiodon, 219; Moropus, 
217, 219 

Osborn, Professor H. F., 196, 393, 394, 395, 
396, 397, 403, 406 
osborni, Trigonias, 322 
osbornianus, Oligotomus, 215, 390, 391 
Oviedo, Gonzalo Fernandez de, y Valdes, 4 
Owen, Richard, 383 

Pacheco, Dr. Leonidas, 3 
pachygnathum, Rhinoceros, 208 
pachygnathus, Rhinoceros,j207,213,217,382 
Pachynolophus, 393 
paloeolycos, Cams, 387 
Palseosyops, 245, 385, 391, 392, 396, 398, 
399, 401 

Paloplotherium minus, 386 
Pangolin, 386; “gigantesque,” 379, 403 
parvus, Moropus, 217, 405 
pentelici, Ancylotherium, 386, 387, 403; 
Macrotherium, 207; Nestoritherium, 247, 

248, 334, 336 
Perissonychia, 397, 403 
Pernatherium, 387, 399, 400, 403, 404; 

rugosum, 204, 216 
Perrier, Professor Edmund, 196 
Peterson, O. A., 197, 404, 406 
petersoni, Moropus, 207, 217, 226, 229, 233, 

249, 250, 269, 293, 297, 301-314, 316, 
320-324, 331, 333, 405 

Petho, J., 391 
Phenacodontidse, 215 
Phenacodus, 239, 334 
Phyllotillon, 202, 405; naricum, 216; nari¬ 
cus, 205 

Pictet, Frangois Jules, 381 
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picteti, Meniscodon, 396 
Pilgrim, Guj r E., 405 

Plates, explanation of, Memoir I, 96-188 
Ponce de Leon, Captain Hernan, 4 
popoagicum, Lamb do then urn, 214 
Pouchet, G., 394 

priscum, Ancylotherium, 386, 387; Schizo- 
therium, 203, 216, 245, 246, 247, 351, 
356, 357, 372, 308, 403 
Promerycochoerus, 238 
Pronomotherium, 238 
Propalseotherium, 391 
Pseudselurus edwardsi, 387 

Rau, Charles, 54 
Rhagatherium, 391 

Rhinoceros, 395; bicornis, 239; (Colodus) 
pachygnathus, 208; pachygnathus, 207, 
208, 213, 217, 382; simus, 239 
Rhinocerotidse, 245 
rhodanicum, Macrotherium, 218, 395 
Roger, Dr. Otto, 403 
Roth, Johannes, 381 
rugosum, Pernatherium, 204, 216 
Riitimeyer, L., 393, 396 

sansaniense, Macrotherium, 218, 394, 395 
Sapper, Dr. Carl, 11, 12 
schinzi, Anisodon, 216, 403; Schizotherium, 
216 

Schizotheriinse, 201, 203 
Schizotherium, 201, 203, 399, 400, 404; 
ingens, 216; modicum, 216, 402; priscum, 
216, 245-247, 351, 356, 357, 372, 388, 
403; schinzi, 216; wetzleri, 216; sp., 216 
Schlosser, Max, 392, 405 
Schuchert, Professor Charles, 196 
Scott, Arthur, 55 
Scott, W. B., 394, 396, 398, 403 
secundarium, Macrotherium var., 218 
Seebach, Professor Carl von, 10 
semihians, Systemodon, 215, 390 
senex, Moropus, 206, 217, 220, 222, 402 
shoshoniensis, Dseodon, 389 
simus, Rhinoceros, 239 
sinense, Chalicotherium, 218, 401 
sindiense, Chalicotherium, 218 


sindiensis, Manis, 390, 403 

sivalense, Chalicotherium, 211, 218, 401 

Sjogren, Ake, 1, 11 

Sphenocoelus, 215; uintensis, 219, 403 

Squier, E. G., 42 

Steinman, Gustav, 394 

Strebel, Hermann, 10 

Symborodon, 389 

Systemodon semihians, 215, 390 

Tabacco, 7 

tapiacitis, Meniscotherium, 391 
tapirinum, “Hyracotherium,” 215, 390 
Tapirus, 402 
Titanotheres, 378 
Titanotheriidae, 246, 398 
Titanotherium, 365, 366, 368, 369, 377, 392 
tridactylus, Ccenopus, 322 
Trigonias, 256; osborni, 322 
Triplopus amarorum, 201, 204, 378 
Trouessart, E. L., 404 
Troyo, Sr. Don Juan, 2, 3 
Typotherium, 386 

Uhle, Professor Max, 13 
uintensis, Sphenocoelus, 219, 403 
Ursidse, 334 
Utterback, W. H., 197 

Valdes, Gonzalo Fernandez de Oviedo y 4, 
Velasco, Padre Jose Maria, 2, 3, 13; col¬ 
lections of pottery, stone implements, 
etc., 38-95 

venticolum, Hyracotherium, 214, 391 
vortmani, Hyracotherium, 214 

Wagner, Johann Andreas, 381, 382 
Weber, Max, 404 

wetzleri, Chalicotherium, 400; Schizothe¬ 
rium, 216 

Wilson, Thomas, 11; Dr. W. P., 13 
Wiss, Consul Felix, 3 
Woodward, Professor Arthur Smith, 196, 
212 

Wortman, Jacob L., 397, 403 
Yapoquete, 7 

Zeledon, Dr. Jose C., 3 
Zittel, Karl A., 398, 405 


